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ABSTRACT

Author: Joslyn, Cole Hatfield PhD
Institution: Purdue University
Degree Received: December 2017
Title: Exploring Transformative Learning Pedagogies to Teach Human-Centered Design:
A Collaborative Action Research Approach
Major Professor: Dr. Morgan Hynes
In this research, I present the problem that a culture of disengagement endemic in
engineering and engineering education (see Cech, 2014) is exacerbated by deeply rooted
habits of mind and their underlying assumptions that are at odds with social justice ideals
and resistant to change, thus, perpetuating the status quo (see Riley, 2008). Furthermore,
current engineering education curricula focusing primarily on mathematics, science, and
engineering sciences (see Sheppard, Macatangay, Colby, & Sullivan, 2009) further
entrench this culture along with these habits of mind and assumptions.

In an attempt to address the culture of disengagement, I propose a framework for
humanizing engineering education based on two interrelated elements: 1) helping
students grow and develop in multiple dimensions; and 2) reconciling the social and
technical nature inherent in engineering and engineering education. To support this
framework, I discuss a context (i.e., Human-Centered Design), a theoretical framework
(i.e., Transformative/Emancipatory Learning), and a methodology (i.e., Action Research)
for transforming teaching and learning that can humanize engineering education
according to the proposed framework.

Using collaborative action research, I worked with a mechanical engineering professor to
teach Human-Centered Design using transformative learning pedagogies to over 300
students enrolled in a design course. Within the context of this study, I used learning
processes proposed by Mezirow (1991, 1997) as a lens to help understand how students
are learning when transformative learning pedagogies are used to teach HCD to
mechanical engineering students. Understanding how students are learning with the help
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of transformative learning pedagogies helps us learn what it looks like to engage in
collaborative action research to teach HCD using transformative learning pedagogies.

Findings suggest that the transformative learning pedagogies implemented in this study
had the intended affect for which they were designed and challenged students to be open
to new points of view. That is, students expressed a more holistic view of engineering
that demonstrated their understanding that engineers must understand the social contexts
and people they are solving problems for. I coded the students’ reflections on these
activities and present a thematic analysis of their points of view ranging from existing
points of view to new points of view to transformed points of view. Furthermore, themes
emerged that provide insight into how students made meaning of their experiences

Finally, a framework is offered for educators, departments, and researcher-practitioners
wanting to implement and evaluate transformative learning pedagogies in their courses or
considering how to humanize engineering education.

1

CHAPTER 1: INTRODUCTION

Statement of The Problem
Engineering in the U.S. is, for the most part, missing in nontechnical social debates
(Layton, 1971; Swierstra & Jelsma, 2006). Furthermore, U.S. engineers are largely absent
from discussions about the role of technological systems in society, and seem particularly
disengaged with concerns for the impact of their work on public welfare because they
distance themselves from public dialog and policy formation (Zimmerman, 1995). This is
evidence of what Cech (2014) calls the culture of disengagement endemic in engineering.

The professional formation of engineers occurs, in part, through socialization such as
classes, internships, design projects, and friendships. The socialization process introduces
students to their professional roles and responsibilities as they are transformed from
laypersons into engineers. In addition, students are indoctrinated with epistemologies,
values, norms, particular symbols, and persona (Cech, 2014). According to Cech (2014),
“Professional socialization…does not simply drape a cloak of beliefs over students’
existing value systems; the cultural values of engineering often appear in individuals as
personal traits within their professional identities” (p. 49-50).

The culture of disengagement is exacerbated by the reality that engineering is fraught
with habits of mind that are at odds with social justice ideals and resistant to change, thus,
perpetuating the status quo (Riley, 2008). For instance, underlying the culture of
disengagement is an ideology of fairness where engineers intentionally depoliticize
decisions and separate technical from social aspects in an attempt to be impartial and
objective in their decision-making. The ideology is epistemically grounded in
engineering thinking and what constitutes legitimate engineering knowledge, information
and engineering measurements. Such a culture of disengagement guides how engineers
produce, conceptualize, talk about, and evaluate their work. In fact, Riley (2008) has
argued that, “engineering education often prides itself in objectivity and unbiased
decision making.” These habits of mind, like many habits of mind, are often based on
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values and beliefs with unquestioned or unidentified underlying assumptions (Mezirow,
1981).

Therefore, while engineering students, as part of their professional formation, should
develop an increasingly reflexive and nuanced understanding of their ethical
responsibility to public welfare (National Academy of Engineering, 2004), the culture of
disengagement may prevent this development in favor of being objective or disconnected
from societal issues. This is problematic because, as Law (1987) asserts, “engineering
solutions are developed in sociotechnical contexts where engineers are knowingly or
unknowingly making decisions that impact both technical and societal domains.”
Therefore, as part of their professional formation, engineers need to be prepared to
“operate in social contexts considering both historical and contemporary issues with
ethical, economic, global, political, and environmental impacts” (Joslyn & Hynes, 2016,
p. 2). This will help ensure that engineers as sociotechnical practitioners engage in both
the technical and societal objectives of engineering solutions.

Still, traditional engineering education typically has a very strong focus on technical
courses in the “hard” sciences such as mathematics, science, and engineering sciences
(see Sheppard, Macatangay, Colby, & Sullivan, 2009) but lack in “softer” social science
and humanities courses (Hynes & Swenson, 2013). Riley (2008) argues that the
curriculum reinforces engineering habits of mind that are technocentric and positivist,
meaning engineers privilege technical and scientific knowledge over other kinds of
knowledge, and reductionist, meaning engineers “reduce” or break down problems into
simpler, more manageable components in order to simplify one’s understanding of a
situation, often overlooking the nuanced and delicate relationships of the cohesive, more
complicated or complex whole. Underlying the curriculum and engineering habits of
mind are the unspoken assumptions of depoliticization (an ideology that engineering can
and should be disconnected from social and political concerns), technical/social dualism
(an ideology that cognitively separates technical and social competencies often resulting
in devaluing of social competencies), and objectivity (an ideology that engineering is
based on unbiased decision making) (Cech, 2014; Riley, 2008).
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However, it is the softer courses that offer other ways of knowing with different
epistemologies, values, norms, etc. from engineering ways of knowing, yet no less valid.
These different mindsets make it possible to recognize and challenge the characteristic
engineering mindset steeped in positivism and false objectivity. In addition to offering
different mindsets, humanities courses characteristically aim to “[understand and
promote] the self as the seat of an independent, critical, yet disciplined judgement [as] a
key educational purpose…” (J. F. Donnelly, 2004, p. 768).
My Motivation for This Research
I believe that education, at all levels, should be universal and that the overarching
purpose of education is to help a person grow and develop in all dimensions, intellectual
as well as physical, emotional, spiritual, character, etc. (Farmer, 1984; Khatib, Sarem, &
Hamidi, 2013; Oakes & Lipton, 2007), or as Bertrand (2002) puts it, “…to ‘produce’ an
‘actualized’ person…” To this end I believe the goal of education is humanization, the
process of becoming fully human. What becoming fully human looks like is two-fold.
First, it is a person’s “ongoing actualization of potentials, capacities, and talents, as
fulfillment of mission…, as a fuller knowledge of, and acceptance of, the person’s own
intrinsic nature, as an unceasing trend toward unity, integration or synergy within the
person” (Maslow, 1968). Second, it is “…becoming critically conscious of the way one
exists in the world and choosing to act on the world with which and in which they find
themselves in order to transform it” (Freire, 1970). As a result of their education, students
develop the capacity to continue to learn and therefore grow, in any capacity they
consider worthwhile, throughout the courses of their lives and, therefore, capable of
personal transformation and social change.

Necessarily, I heed the call to emphasize a broad and well-rounded education that
inspires and enables a creative and productive life (National Academy of Engineering,
2004) and that is necessary to understand the impact of engineering solutions in a global
and societal context (Lattuca, Terenzini, & Volkwein, 2006). Furthermore, I share the
vision of the National Academy of Engineering (2004) to develop broadly educated,
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global citizens, ethical in all their dealings, able to lead businesses, public service, as well
as research and design, and inclusive of all parts of society. Therefore, I believe it is
necessary to not only meet the requirements of existing engineering curricula, but to
promote autonomous engineers, capable of thinking for one’s self, by promoting critical
reflection upon their own beliefs, values, assumptions, expectations, and behaviors that
influence why and how they approach engineering/design. In doing so, they may
problematize/challenge the societal, cultural, and professional thinking, beliefs, values,
assumptions, expectations, and behaviors that exert influence over them.

Additionally, like many researchers committed to social justice, I struggled to align my
values with potential research projects and methodologies. After much soul searching I
believe I have come to a decision that aligns with my core values and allows me to be
true to myself. Engineering and engineering education is fraught with habits of mind that
are at odds with social justice ideals and resistant to change, thus, perpetuating the status
quo (Riley, 2008) and a culture of disengagement (Cech, 2014). My goal was to conduct
research that challenges the status quo in engineering and engineering education and
provide a basis for change.

Therefore, in an attempt to address the culture of disengagement, I propose a framework
for humanizing engineering education based on two interrelated elements: 1) helping
students grow and develop along multiple dimensions (e.g., cognitive dimensions such as
knowledge, rationality, and technical ability; affective dimensions such as perceptions,
feelings, emotions, judgments, misinterpretations, anxieties, and fears; and character
dimensions such as values, moral development, self-discipline, and personal
responsibility); and 2) reconciling the social and technical nature inherent in engineering
and engineering education (providing a framework for which teaching and doing
engineering begins and ends that situates engineering as done for people, with people,
and as people). To support this framework, I discuss a context (i.e., Human-Centered
Design), a theoretical framework (i.e., Transformative/Emancipatory Learning), and a
methodology (i.e., Action Research) for transforming teaching and learning that can
humanize engineering education according to the proposed framework.
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Context of This Research
My research is set within a larger project funded by the National Science Foundation to
initiate research between the School of Mechanical Engineering and the School of
Engineering Education. Together the schools will explore a number of professional
formation focus areas that highlight the need to better prepare engineers to operate in
social contexts considering both historical and contemporary issues with ethical,
economic, global, political, and environmental impacts. The purpose is to prepare
engineers as sociotechnical designers who are engaged in both the technical objectives of
engineering solutions and the societal ones.

The research team will integrate perspectives from Mechanical Engineering and
Engineering Education to develop a robust framework for raising first-year and
mechanical engineering students’ self and social awareness. Then team members will
initiate and conduct research on the efficacy and impact of the framework on students’
professional formation related to both their professional and technical skills.

A transformative approach developed from compassionate design thinking (Seshadri,
Joslyn, Hynes, & Ried, 2017; Seshadri, Reid, & Booth, 2014; Seshadri & Reid, 2015)
will be used to teach design skills and practices to engineering students and promote a
professional orientation that emphasizes the humanitarian values of engineering.
Underlying the transformative approach is a commitment to inspiring diversity within
engineering and a vision of developing a more holistic, people-centered approach to
engineering education and research, which might appeal to a more diverse population of
students, thus, attracting and retaining a new kind of student in engineering.

It is here that my research is situated. As a member of the research team, I worked closely
with a professor from the mechanical engineering department using a collaborative action
research approach to utilize transformative learning pedagogies to teach Human-Centered
Design to “middle years” mechanical engineering students enrolled in a required
mechanical engineering design course. I conducted research exploring what the process
of collaborative action research and the implementation of the transformative learning
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pedagogies approach looks like. Examining the implementation of the approach will help
to inform other professors wanting to attempt similar approaches in the courses they
teach. Furthermore, I anticipate that understanding the transformative impact of the
approach will have implications for the professional formation as well as humanization of
students.
Research Question
My research was guided by the following question: What does it look like to engage in
collaborative action research with a mechanical engineering professor to teach HumanCentered Design using transformative learning pedagogies?

In Chapter two, I present a synthesis of literature to construct a framework for
humanizing engineering education based on two interrelated elements: 1) helping
students grow and develop in multiple dimensions (e.g., cognitive dimensions such as
knowledge, rationality, and technical ability; affective dimensions such as perceptions,
feelings, emotions, judgments, misinterpretations, anxieties, and fears; and character
dimensions such as values, moral development, self-discipline, and personal
responsibility); and 2) reconciling the social and technical nature inherent in engineering
and engineering education (providing a framework for which teaching and doing
engineering begins and ends that situates engineering as done for people, with people,
and as people). I introduce a context, a theoretical framework, and a methodology for
teaching and learning that can humanize engineering education according to the proposed
framework. In chapter three, I go through the methodology guiding this research and
outline the research design including data gathering and analysis. In chapter four, I
present the results of the collaboration and research findings in chronological order. In
chapter five, I discuss how the findings help to answer the question guiding this research.
In chapter six, I summarize the findings of this research, point out its specific
contribution, and offer some recommendations for future work.
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CHAPTER 2: LITERATURE REVIEW

In this chapter I introduce an alternative educational framework for humanizing
engineering education that seeks to: a) help students grow and develop in multiple
dimensions and b) reconciling the social and technical nature inherent in engineering and
engineering education. Then I will present three specific opportunities for promoting the
kind of teaching and learning that can transform engineering education: 1) design as a
context for teaching and learning in engineering education that can humanize engineering
education; 2) transformative/ emancipatory learning as a theoretical framework for
teaching and learning in engineering education that can extend and enrich the purpose of
engineering education; and 3) action research as a methodology for transforming teaching
and learning in engineering education.
Transforming Engineering Curricula
In order to situate this research, I explored some literature by other researcherpractitioners’ attempts to transform engineering curriculum, particularly from those that
problematized and critically assessed current engineering and engineering education
practices. In what follows I will briefly introduce and describe these projects.
Engineering and Pedagogies of Liberation
In an attempt to increase the accessibility and attractiveness of engineering for
underrepresented groups, Riley (2003) transformed engineering curriculum at Smith
College by incorporating pedagogies of liberation in an engineering thermodynamics
course. The course covered a traditional core curriculum where students were required to
develop a base of technical knowledge and skills and apply the principles to various
mechanical, chemical, and environmental engineering contexts. Even so, classroom
practices based on feminist and critical pedagogies were utilized to connect course
material to student experience, emphasize students as authorities in the classroom,
integrate ethics and policy considerations, problematize science as objectivity, and “[decenter] western (and male) civilization” (Riley, 2003, p. 8.918.1).
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Engineering and Social Justice
Caroline Ballie and Richard Day developed a course at Queen’s University, Canada, to
“…help students develop critical perspectives towards technology, in general, and
engineering practices, in particular” (Kabo & Baillie, 2009, p. 317). The course, titled
‘Engineering and social justice: critical theories of technological practices’, explores
ways in which social justice can be applied in engineering contexts.

The cross-disciplinary course is carried out as a seminar based on a discussion format
which focuses on weekly readings related to the dominant engineering paradigm, critical
perspectives, and alternative paradigms (Kabo & Baillie, 2009). Students are required to
complete a community-based team project which critically examines an element of
engineering practice. Furthermore, students enrolled in the course are expected to: 1)
identify and position achievements and failures of technological rationality within the
historical milieu of European modernity neoliberal globalization; and 2) explore
alternative ways of relating to technology (e.g., non-capitalist, non-oppressive,
ecologically sustainable).

The course later became the context for research exploring how students and practicing
engineers adopt a socially just perspective which guides their practice and profession.
The research asserts that adopting a socially just perspective (i.e., “seeing through the
lens of social justice”) is troublesome for engineering students and creates a liminal space
with where some students pass through, some getting stuck, and others moving back and
forth uncertain of what to do. The findings of the research suggest that “adopting a
socially just perspective to their practice and profession could be seen as a threshold that
needs to be crossed, and that this transition might prove both transformative and
troublesome” (Kabo & Baillie, 2009).
Engineering and Sustainable Community Development
In 2008, Lucena, Schneider, and Leydens (2010) developed a course “…to help
[students] critically situate their desires and engineering knowledge historically,
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politically, and culturally in relation to development” (p. 185). Lucena et al. observed that
students’ desires to apply their engineering knowledge to help people in need prevented
them from critically assessing whether they should or not. In response, the course, titled
‘Engineering and Sustainable Community Development’ (ESCD), intends to prepare
engineering students to think critically about their work with communities.

The course, a collaboration between liberal arts, engineering, and environmental science,
was offered to upper-division undergraduate and graduate students and carried out as a
seminar. Students enrolled the course are presented with a series of challenges. The first
challenge requires students to identify events, institutions, and actors in the history and
politics of development as related to SCD and engineering. Students select a development
project and explore: 1) the inspiration and motivation behind the project; 2) underlying
assumptions of the project; and 3) how the historical climate influenced the purpose for
the project. The second challenge requires students to identify, relate, and describe the
role that engineering might play in the different aspects of sustainability. Using the same
development project they selected for the first challenge, students explore economic,
environmental, ethical, and socio-cultural dimensions of sustainability by examining: 1)
how the project performs with respect to these dimension of sustainability; 2) how much
of a burden it places on the biosphere; and 3) what other dimensions should be
considered. The third challenge requires students to evaluate the strength and limitations
of Engineering Problem Solving (EPS) and at least one engineering design methodology
with respect to working with communities. Continuing with their chosen project, students
had to imagine being part of various groups of stakeholders and offer different alternative
solutions. By the time students reach the fourth challenge they are able analyze and
evaluate project-based case studies against appropriately selected SCD criteria.

As students engaged in each of the challenges they found humility and began to discover
their own bias, question their own desire to help, value local knowledge, and developed a
healthy critical attitude that allowed them to ask difficult questions (Lucena et al., 2010).
By the end of the course, students’ understanding of the importance of community and
listening were transformed.
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Humanizing Engineering Education
An Alternative Purpose For Engineering Education
Engineering education does promote growth and development of students as it broadens
and hones technical knowledge and skills. What is often missing, however, are the other
dimensions of being human (e.g., emotional, spiritual, character) because the engineering
curriculum is primarily focused on mathematics, science, and engineering sciences (see
Sheppard et al., 2009). Furthermore, rather than coaching students to develop their own
personal and professional value systems, beliefs, etc., engineering education often
indoctrinates students with value systems and mindsets that students uncritically assume
as they are assimilated into the dominant engineering culture throughout their
engineering formation (Cech, 2014; Riley, 2008). Extending and enriching the
educational purposes of engineering education to include the more humanizing aspects of
humanistic education (i.e., growth and development of emotional, spiritual, and character
dimensions; actualization of self/social identity, awareness, and acceptance), in order to
promote independent judgment as well as address and embody questions of value and
human purpose (J. F. Donnelly, 2004), could humanize the purpose of engineering
education—nurturing the process of what Maslow calls becoming fully human.
Growth in Multiple Dimensions
During the 1970s, humanistic education, with a priority on subjectivity, freedom, and the
student, emerged out of existentialism and humanistic psychology as a reaction to
overemphasis on neo-liberal values, such as competition, and teaching practices, such as
lecturing to large audiences (Bertrand, 2002; Oakes & Lipton, 2007). It asserts, based on
values of caring and community (see Oakes & Lipton, 2007), that the purpose of
education is to help a person grow and develop in all dimensions—intellectual,
emotional, spiritual (Bertrand, 2002; Khatib et al., 2013), leading to ongoing realization
of one’s potential (e.g., abilities, capacities, and talents) and one’s self-understanding and
self-acceptance of her own intrinsic nature (Maslow, 1968). From this perspective,
education takes one on a lifelong journey toward wholeness, toward being fully human
(i.e., undivided; unity, integration or synergy within oneself). In the following sections I
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examine three concepts inherent in the humanistic purpose of education: growth,
development and actualization. Then I discuss the need for incorporating these concepts
into engineering education and the implications of doing so.
Personal Growth and Development
In my conception, education fulfills its purpose by broadening a person’s capacities
(growth) and honing those capacities (development) yielding a multidimensional person
of breadth and depth. Numerous scholars emphasize a focus on growth and development
with respect to the purpose of education and provide examples of what that may look
like. Dewey wrote about growth as the purpose of life (Dewey, 1916; Noddings, 2012;
Savage, 2002). Growth, according to Dewey, is development of one’s capacities (e.g.,
cognitive, creative, moral), which begets ever further growth as an end in itself (Dewey,
1916, 1938; Noddings, 2012; Savage, 2002). Necessarily, since perfection can never be
attained, growth is a life-long process—an active process of personal transformation
(Savage, 2002). Simply put, “…life is development, and…developing, growing, is life”
(Dewey, 1916, p. 25).

According to Mezirow growth and development is transformation toward a specific end.
We grow and develop as our perspectives or viewpoints transform becoming more
functional, that is, more inclusive, discriminating, self-reflective, integrative of our
experiences, and open to other points-of-view (Mezirow, 1978, 1994, 1997, 1998). An
example is learning to think for oneself rather than acting on beliefs, values, or feelings
of others (Mezirow, 1998). Development is the maturation of one’s capacity to critically
reflect on taken for granted assumptions. It is not just awareness; choosing to transform is
essential for development (Mezirow, 1978).
For Freire (1970), growth and development equate to the process of “…becoming
critically conscious of the way one exists in the world and choosing to act on the world
with which and in which they find themselves in order to transform it.” This process is
what Freire (1970) calls “humanization” or becoming more fully human. It is the journey
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of a person toward completeness and only culminates with the humanization and
liberation of all humankind.
Self-actualization
Maslow (1968) equates growth and development to “the various processes which bring
the person toward ultimate self-actualization” (Loc 432) and has observed that, “it is
going on all the time in the life history” (Loc 432). Self-actualization is defined as the
“ongoing actualization of potentials, capacities, and talents, as fulfillment of mission…,
as a fuller knowledge of, and acceptance of, the person’s own intrinsic nature, as an
unceasing trend toward unity, integration or synergy within the person” (Maslow, 1968,
Loc 418). Maslow also talks about it as becoming fully human (Farmer, 1984; Maslow,
1965), growth toward identity, toward self-actualization, toward awareness, toward
acceptance of subjectivity (Maslow, 1979)—a different conception from that of Freire.
According to Bertrand (2002), an ‘actualized’ person is a product of self-actualization
engrained in humanistic education. Self-actualization results in a “strong self” (Bertrand,
2002), that is, a fully developed, fully functioning, complete person (Farmer, 1984;
Khatib et al., 2013). Necessarily, humanistic education focuses on the whole person:
cognitive dimensions such as knowledge, rationality, and technical ability; affective
dimensions such as perceptions, feelings, emotions, judgments, misinterpretations,
anxieties, and fears (Bertrand, 2002); and character dimensions such as values, moral
development, self-discipline, and personal responsibility (Oakes & Lipton, 2007).

Promoting self-actualization finds support throughout history. In ancient Greece, Socrates
insisted that self-knowledge, a key component of self-actualization, is basic to all
knowledge (Noddings, 2012). Plato insisted that the “good life” was only possible
through continued commitment to self-actualization via contemplation and lifelong study;
however, he believed only a select few were actually capable of “real contemplation” and
therefore the good life was available only to them (Noddings, 2012). Aristotle advocated
character education – one of the dimensional foci of self-actualizing education – which,
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unfortunately , indoctrinated children with the “morally appropriate” conduct, values, and
virtues specific to their communities (Noddings, 2012).

In Enlightenment-era Europe, Jean-Jacques Rousseau maintained that the nature of
children, and therefore every human being, is inherently good (Bertrand, 2002; Noddings,
2012). Necessarily, the purpose of education is to guide Emile (the archetypal child) to
self-actualization; that is, preserving the inherent goodness and facilitating growth.
In the early 20th century, Dewey agreed with Rousseau that education should be
personalized for each child based on their interests and needs. In other words, begin with
the purposes of the students, steer them into potentially rich experiences, and watch
carefully for signs of growth (Dewey, 1916; Noddings, 2012; Rousseau, 1918). In this
way students are producers of knowledge, no longer constrained to being recipients only,
which agrees with constructivist learning theory that asserts that students are not blank
slates but they create and recreate knowledge.
Reconciling the Social and Technical Nature of Engineering
In the previous sections I introduced the concepts of growth, development, and selfactualization which also provided evidence that they are multifaceted and include various
dimensions. In this section I make the case that engineering education promotes some
facets and dimensions of growth, development, and self-actualization but is lacking in
others. In the following section I will discuss the humanistic roots of engineering and
present a framework that was developed for integrating a more humanistic approach for
reconciling the social and technical inherent in engineering and engineering education.
The Humanistic Side of Engineering
In response to Stevens’ (c.f. R. S. Adams, Daly, Mann, & Dall’Alba, 2011) appeal to
consider a socio-technical (or humanistic) approach to engineering education, Hynes and
Swenson (2013), emphasizing the sociotechnical nature of engineering, introduced a
framework that situated engineering in a humanistic context. The Humanistic Side of
Engineering framework was developed for application in the development and research
of K-16 engineering education initiatives. This humanistic framework views engineering
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as problem solving in two dimensions: engineering for people and with people.
Engineering for people means that engineers must consider the needs of people, either
end-users or people impacted by the engineered solution, because their solutions will
involve “individual clients, communities who will implement engineering solutions,
nations who will adopt solutions, or the global effect of any engineering decision” (Fila et
al., 2014, p. 1). Engineering with people reflects the reality that engineers seldom work in
isolation but work with people with different backgrounds, expertise, and goals in the
development of a solution. This can take place “within a small team, with managers or
bosses within a company, or with regulatory agencies within a country’s government”
(Fila et al., 2014, p. 1).

Elaborating on the Humanistic Side of Engineering framework, Fila, et al. (2014) added a
third dimension to the humanistic context: engineering as people. Engineering as a person
must consider an individual’s unique knowledge, skills, beliefs, and values because of
their influence on the scope and resulting solutions of engineering work. The resulting
framework, the People Part of Engineering, was developed for integrating a more
humanistic approach into engineering education. These humanistic frameworks provide
the context for which teaching and doing engineering begins and ends.
Considering the humanistic side of engineering “calls attention to the humanistic roots of
engineering—namely, that all engineering takes place in a human context” (Fila et al.,
2014, p. 2)—and appeals “for a more systematic inclusion of social science and
humanities knowledge in the introduction of engineering to K-12 students” (Hynes &
Swenson, 2013, p. 31). However, in his exploration of science education reform efforts
which essentially appropriate foundational characteristics of the humanities, Donnelly
(2004) argues that it is not necessarily the humanities as a body of knowledge but their
underlying humanistic qualities that “humanize” science education by “[extending] and
[enriching] the educational purposes of science in the curriculum” in order to “promote
independent judgment [as well as] address and embody questions of value and human
purpose” (p. 763). He identifies four underlying humanistic qualities that “give the
humanities their particular educational quality” (p. 764) which, if applied to engineering
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as well, would promote humanistic purposes of engineering education: 1) Appeal to an
autonomous self—“an irreducible sense of self uniquely constituted and empowered to
make and articulate judgements and interpretations” (p. 767) (i.e., “the right and capacity
to make independent judgements and interpretations”, p. 762); 2) indeterminacy in
subject matter—as a result of the independent judgements and interpretations of an
autonomous person, subject matter is indeterminate “so that there is no single
authoritative response and interpretation” (p. 767); 3) focus on meaning in subject
matter—the “types of judgements made and the related subject matter are in the context
of human responses, actions, and relationships, especially the ethical, aesthetic, and
purposive” (p. 767) but include all judgements “associated with a world that is
meaningful in human terms” (p. 767); and 4) meeting the challenge of relativism—
navigating the “possibility of commonality in standards of judgement and interpretation
under conditions of indeterminacy” (p. 762) (i.e., resolving the tension between
indeterminacy and relativism) (J. F. Donnelly, 2004).
Emphasizing Engineering ‘As People’
In the previous section I introduced the concept of “engineering as people” based on the
People Part of Engineering framework. According to this framework, as a person, one
must consider her/his unique knowledge, skills, beliefs, values, etc. especially in the
context of engineering, because each of those things have an influence on engineering
work (e.g., problem scoping and resulting solutions). In this section I make that case that
engineering education can provide a space for humanistic purposes by helping students to
learn to consider one’s unique knowledge, skills, beliefs, values, etc.
Learning to consider one’s unique knowledge, skills, beliefs, values, etc. provides a space
for humanistic purposes within engineering education. Helping engineering students to
learn how to consider, which includes becoming aware of, their unique knowledge, skills,
beliefs, and values so that they can understand how these ‘elements of self’ influence the
way that they do engineering work may also help them to accept their unique elements of
self so that they can leverage these unique qualities as they work within engineering
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teams (Fila et al., 2014). They will no longer be forced to conform to a dominant image
of engineering because they will be empowered to form their identity.

Furthermore, as a person, one must not only consider her/his own elements of self (e.g.,
personal experiences, socio-cultural setting, values and beliefs) but she/he must also
consider the unique elements of self of those for whom she/he engineers and those with
whom she/he engineers (Fila et al., 2014). Learning to do so may help students foster a
value for all people (humanity) including themselves, further humanizing engineering
education. This kind of personal formation is not prerequisite for the technical knowledge
and skills engineering students will be required to master but it is essential for students to
be well-rounded people and well-rounded professionals, as engineers or any other
profession they choose, and extends and enriches the purpose of engineering education.
Therefore, engineering as people emphasizes the personal formation and professional
formation of engineering students. In the next section I will discuss the concept of
“design space” and the unique opportunity it provides for humanizing engineering
education.
Opportunity in Design
In this section I explore design as a context for teaching and learning in engineering
education that can humanize engineering education by extending and enriching the
purpose of engineering education. Design provides a unique opportunity to incorporate
and promote the four underlying humanistic qualities that operationalize humanistic
purposes in engineering curricula. Furthermore, the nature of design and human-centered
approaches to design all contribute to reconciling the social and technical nature inherent
in engineering and engineering education. Shulman (2009) refers to the rapid
humanization of engineer education by emphasizing the role of design.

Peters (c.f. Cross, 1982) developed a perspective of education that emphasizes its
intrinsic merits; in other words, he argues that education is valuable in and of itself. This
perspective is based on three criteria for classifying various activities and processes as
educational: worthwhile knowledge of some value must be communicated; the manner in
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which people are educated is equally important as the content that is shared; and content
must be seen in perspective, that is, in relation to its place in a coherent pattern of life.
Building on this perspective, Cross (1982) asserts that, in order for design to satisfy the
previously mentioned criteria, it must contribute to individuals’ self-realization and “to
the development of an ‘educated’ person” (p. 5).
The Nature of Design
Design knowledge is embodied in the processes and products of design (Cross, 1982).
The nature of design tasks/processes emphasizes the proposal of multiple solutions and
then systematically reducing them until an acceptable solution is found. The nature of
design objects/products enables designers to understand the messages that
objects/products of design communicate as well as create new objects/products that
communicate new messages. Together these embodiments of designerly knowing
“facilitate the constructive, solution-focused thinking of the designer”, facilitate
manipulation of non-verbal codes that “translate ‘messages’ either way between concrete
objects and abstract requirements”, and are very effective for engaging in ill-defined
problems (Cross, 1982, p. 10).

The very nature of designerly ways of knowing offers justification for the intrinsic value
that design offers education. For example, design develops students’ cognitive skills and
abilities in tackling problems, particularly ill-defined or ill-structured problems which
typically lie outside the educational domain of the sciences and the humanities. Such
problems are more like problems, issues, or decisions encountered in everyday life
(Cross, 1982); Fox (1981) refers to this type of problem engagement as ‘real-world
problem solving’. McPeck (1981) likens this intrinsic value of designerly knowing to the
educational value of critical thinking. To extend this idea further, I would argue that
McPeck’s analogy presupposes the reflective nature of design. In the following sections I
will present three aspects of the nature of design (i.e., reflective, ill-defined and openended, and social) and discuss how they can contribute to an engineering education
rooted in humanistic purposes.
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Ill-Defined and Open-Ended Nature of Design
The nature of a final design outcome cannot be known at the onset of a design endeavor
(Dorst, 2015). That is because “The subject matter of design is radically indeterminate,
open to alternative resolutions even with the same methodology” (Buchanan, 1995, p.
24). Necessarily, design does not have an “enumerable (or an exhaustively describable)
set of potential solutions…” (Rittel & Webber, 1984, p. 140). Likewise, design does not
have “a well-described set of permissible operations” that designers can employ to
achieve a desired end (Rittel & Webber, 1984, p. 140). That is because design is openended. In other words, “…the subject matter of design is not given. It is created through
the activities of invention and planning, or through whatever other methodology or
procedures a designer finds helpful in characterizing his or her work” (Buchanan, 1995,
p. 24). In practice, design must consider “…competing interests and values, alternative
ideas, and different bodies of knowledge” (Buchanan, 1995, p. 26). Therefore, by its very
nature, “…design calls for both the process and the results of designing to be open to
debate and disagreement” (Buchanan, 1995, p. 25).

This ill-defined and open-ended nature of design of ten leads to practitioners
encountering surprises, that is, an anomaly in the results one was intuitively expecting.
This often causes one to reflect on her/his practice (one’s actions and the knowing
implicit in her/his actions) even while still engaged in the design activity (Schön, 1983).
In order to make sense of the anomaly, one also reflects on the understandings implicit in
her/his actions, sometimes referred to as one’s underlying perspective (Schön, 1983,
1984). These underlying perspectives may be made explicit, criticized, restructured, and
then embodied in further action.

The surprise that one may encounter during a design activity acts as a disorienting
dilemma which is, essentially, encountering an anomaly that causes one to question the
appropriateness of one’s expectations. This disorienting dilemma causes one to critically
reflect on her/his unquestioned belief system bringing her/his unquestioned implicit
understandings to the surface for critical examination. Critical reflection may result in a
reconstruction of or an entirely new belief system leading to a more functional meaning
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perspective to interpret one’s experiences in the world. Furthermore, one’s implicit
understanding is restructured and then embodied as one engages in further action.

To better illustrate this idea, let us look at a real-world scenario. Schön (1984) presents a
case in which a designer encounters a dilemma. The designer’s frame of reference is, you
can only have “spaghetti bowl” by completely avoiding “hierarchical order” (Schön,
1984, p. 134). So he works harder to make sure each piece is beautiful with beautiful
transitions expecting that, “if each of his moves…is marvelous, then the whole thing will
make sense” (Schön, 1984, p. 134). The designer refuses to shift his framing of the task
or his underlying perspective. This disorienting dilemma demands a transformation of his
frame of reference (i.e., his underlying perspective). The inability of the designer to do so
results in an impasse. This case illustrates how engaging in design activities can create
circumstances that require one to question her/his belief systems, in this case the
designer’s framing of the task. Helping the designer to engage in critical reflection, in this
case, may have enabled her/him to assess her/his belief system and make the necessary
accommodations which would result in a more functional perspective. This is just one
example of how the nature of design provides opportunities to integrate humanistic
purposes into engineering education.
Reflective Nature of Design
Design involves reflective practice to negotiate uncertainty, instability, uniqueness, and
value conflict (Cross, 2001; c.f. Schön, 1983). According to Buchanan (1995), there is a
“deep reflexive relation [that is inherent] between human character [itself] and the
character of the ‘human-made’” (p. 30). Reflective practice is “central to the ‘art’ by
which practitioners sometimes deal well with situations of uncertainty, instability,
uniqueness, and value conflict” (Schön, 1983, p. 50) that arise during design. It involves
reflection on one’s practice (i.e., one’s actions and the knowing implicit in her/his
actions) even while still engaged in the design activity as a result of encountering
challenges or surprises, that is, an anomaly in the results one was intuitively expecting
(Schön, 1983)—a result of the open-ended and ill-defined nature of design. The ability to
make good design judgments is grounded in reflective practice. It is at the heart of design
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wisdom, in all of its manifestations, which results in, “…good judgment, which enables
right action aimed at appropriate change” (Nelson & Stolterman, 2012, p. 139).

For example, practitioners often encounter challenges while engaged in design activities
that cause one to reflect on her/his practice (i.e., one’s actions and the knowing implicit in
her/his actions) even while still engaged in the design activity (Schön, 1983). Schön
(1983) calls this entire process reflection-in-action and it is what distinguishes design as a
reflective practice. What is more, reflection-in-action is “central to the ‘art’ by which
practitioners sometimes deal well with situations of uncertainty, instability, uniqueness,
and value conflict” (Schön, 1983, p. 50) that arise during design.

The reflective nature of design also has a peculiar manifestation. Schön and Wiggins
(1992) describe this manifestation as a reflective ‘conversation’ practitioners have with
artifacts during design activities (see also Fish & Scrivener, 1990). The phenomenon of
reflective conversation is not literal talking or dialogue, nor is it necessarily rational
discourse, but an interaction between the designer and artifacts associated with a design
activity, such as images, symbolic representations, sketches, texts, lists, tables, diagrams,
or models, depending on the situation (Blanco, 2003; Schön & Wiggins, 1992). Each
interaction with an artifact, every mark on a page or change of perspective or new
orientation, communicates something back to the designer revealing a new pattern, a new
way of seeing which, not only transforms the artifact into a gestalt, but engages the
designer in a conversation or dialogue (Schön & Wiggins, 1992). These cognitive
artifacts exist throughout the design process including problem framing and scoping
(Blanco, 2003). Goldschmidt (1991) refers to this conversation as a dialectic between
‘seeing as’ (e.g. the artifact could be seen as a container) and ‘seeing that’ (e.g. the
designer sees that the container analogy used for the artifact is inadequate).

The interesting thing about these reflective conversations is that they have the potential to
promote the individuation of practitioners. Individuation represents a lifelong journey of
coming to understand oneself involving a “sense of empowerment and confidence, a
deeper understanding of one’s inner self, and a greater sense of [personal] responsibility”
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(Boyd, 1991 as cited in Taylor, 2008, p. 13). Reflecting on cognitive structures
represented in the cognitive artifacts may lead to “imaginative engagement [with]
different [dimensions] of one’s unconscious life” (Dirkx, 2000, p. 1) which nurtures the
expansion of consciousness resulting in greater personality integration (Joslyn & Hynes,
2015). The reflective nature of design provides another opportunity for integrating
humanistic purposes by promoting a space for individuation within engineering
education.
Social Nature of Design
The social nature of design means that practitioners will engage with others during design
activities, either directly or indirectly, which may help them to develop empathy,
perspective-taking, and compassion which will inform their social-awareness. For
engineering education this presents an opportunity to integrate humanistic purposes as
well as reconcile the social and technical nature of engineering by providing students
with a space to develop empathy, perspective-taking, compassion and social-awareness.
Furthermore, an opportunity arises “to address and embody questions of value and human
purpose” (citation) potentially leading to greater appreciation for individuals. The social
nature of design is easily discernable when looking at design from a humanistic
perspective and a service oriented perspective.

The discipline of design is a humanistic enterprise (Buchanan, 1995). In all its forms,
design promotes freedom of men and women within the milieu of technological culture
and empowers people “…to explore the diverse qualities of personal experience and to
shape the common qualities of community experience” (Buchanan, 1995, p. 29).
According to Buchanan (1995), “The essential humanism of design lies in the fact that
human beings determine the subject matter, processes, and purposes of design shall be”
(p. 55). Necessarily, “Design rests on the ability of human beings to reason and act with
prudence in solving problems that are obstacles to the functioning, development, and
well-being of individuals in society” (Buchanan, 1995, pp. 29–30). In this light, I agree
with Buchanan’s assertion that, “…design is the domain of vividly competing ideas about
what it means to be human” (Buchanan, 1995, p. 55-56).
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From this perspective, design is informed and guided by humanistic considerations. First,
design is seen as “…an integral part of the stuff of life, necessary for everyone in a
civilized society…” (pp. 35-36) not simply an intellectual nor a material affair
(Buchanan, 1995). Second, design broadens and humanizes rigid positivistic and
materialistic thinking (Buchanan, 1995).

Nelson & Stolterman (2012) assert with their definition of design, that it is a service
relationship. More specifically, “All design activities are animated through dynamic
relationships between those being served—clients, surrogate clients (those who act on
behalf of clients), customers, and consumers or end users—and those in service,
including the designers” (Nelson & Stolterman, 2012, p. 41). What is more, “The
presence of a binding service relationship in design contributes to a clear distinction
between the tradition of design and the traditions of art or science” (Nelson &
Stolterman, 2012, p. 41).
Necessarily, “…the service relationship is the basic teleological cause that is to say, the
purpose of design” (Nelson & Stolterman, 2012, p. 42). As such, design is about service
on behalf of another as opposed to “…changing someone’s behavior for their own good
or convincing them to buy products and services” (Nelson & Stolterman, 2012, p. 41).
Therefore, designers must embrace a posture of other-serving not merely self-serving
(Nelson & Stolterman, 2012). From this perspective:

The success of the design process can best be determined when those being
served experience the surprise of self-recognition. …. The designer’s role is to
midwife that desiderata, which could not have been imagined fully from the
beginning by either client or designer, and to provide and results in the form of an
expected unexpected outcome. (Nelson & Stolterman, 2012, p. 42)
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Seeing design as service emphasizes the sociotechnical nature of practice, situating it in
three dimensions: for people, with people, and as people (Fila et al., 2014; Hynes &
Swenson, 2013).
Summary of The Nature of Design
The nature of design provides opportunities to integrate humanistic purposes into
engineering education by creating spaces where students can: critically reflect on their
unquestioned belief systems bringing their unquestioned, implicit understandings to the
surface for critical examination; imaginatively engage with different dimensions of one’s
unconscious life; and engage directly or indirectly with others, whether similar or
completely different from themselves, during design activities. These experiences may
help students to better understand themselves, that is, embracing “a sense of
empowerment and confidence, a deeper understanding of their inner [selves], and a
greater sense of [personal] responsibility” (Joslyn & Hynes, 2015, p. 4). Or they may
result in a reconstructed or entirely new belief system leading to a more functional
meaning perspective. They may even help students develop empathy, perspective-taking,
compassion and social-awareness. Whatever the result, students will have the opportunity
to grow and develop in multiple dimension, actualize their self/social identity, awareness,
and acceptance, and be better able to reconcile the social and technical nature inherent in
engineering and engineering education.
Human-Centered Design
Human-Centered Design (HCD) provides a unique opportunity for humanizing
engineering education, particularly as it relates to reconciling the social and technical
nature inherent in engineering. HCD adopts a sociotechnical perspective balancing the
social system (e.g., “interacting human activities; multiple, implicit, often conflicting
goals; human understanding and knowledge; business context; application-specific
cultures and practice”, p. 31) and technical system (e.g., “formal, rule-based procedures
and technology managed by performance indicators”, p. 31) (Gasson, 2003).
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Many authors use UCD and HCD interchangeably and expand the boundaries of UCD to
include what some would consider as HCD (e.g., Norman, 2007; Norman & Verganti,
2014). Others use the term HCD because it suggests concern for people whereas UCD
suggests a narrow focus on individuals’ roles as users (e.g., Steen, 2011). Still, some
draw a distinction between the two approaches (e.g., Gasson, 2003; Giacomin, 2014).
Regardless of the various distinctions, UCD and HCD share a common value for broad
understanding of people and including them in the design process to varying degrees. For
the purpose of this paper we use the term HCD to refer to design approaches that share
these common values.

Although HCD has no agreed upon definition, it has broadly been described by the
International Organization for Standardization (ISO) in standard 13407 as:
“the active involvement of users for a clear understanding of their behaviour and
experiences; the search for an appropriate allocation of functions between people
and technology; the organisation of iterations, within a project, of conducting
research and generating and evaluating solutions; and the organisation of
multidisciplinary teamwork” (as cited in Steen, 2011, p. 44).

However, that broad description contains many nuanced conceptions of HCD with
various guiding philosophies and underlying assumptions, as well as, the principles or
tenets based on those philosophies and assumptions (e.g., Abras, Maloney-Krichmar, &
Preece, 2004; Baek, Cagiltay, Boling, & Frick, 2008; Gasson, 2003; Giacomin, 2014;
IDEO, 2011, 2015, International Organization for Standardization, 1999, 2010;
Krippendorff, 2004; Norman & Verganti, 2014; Steen, 2011; Zoltowski, Oakes, &
Cardella, 2012).

These varying conceptions of HCD not only provide opportunities for reconciling the
social and technical nature of engineering, there are opportunities to integrate the growth,
development, and actualization of engineering students in design courses as well. For
example, one conception of HCD places the users at the center of the design process
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(Baek et al., 2008), where their input influences how the design takes shape (Abras et al.,
2004). Integrating HCD principles into design courses allow engineering students to
understand and integrate end-user data during the design process.

Another conception of HCD focuses on the human aspect of the design and provides for
the needs and experiences, both articulated and unarticulated (Giacomin, 2012), by
“[weaving] available knowledge of how meanings arise within relevant stakeholder
communities into the design process in order to assure that a design encourages the
meanings that lead to reliable interfaces while discouraging those that cause disruptions,
disappointments, breakdowns, and harm” (Krippendorff, 2004, p. 230). By engaging in
human-centered design, students are required to consider not just about the function the
design provides, but also about the design’s meaning (Krippendorff, 1989).

More recent conceptions of HCD encourage the use of techniques involving empathy
which helps to identify customer-needs by observing the user in the context of use and
may also include simulating the context of the end-user for better understanding.
Integrating empathy into HCD allows engineering students to identify with the challenges
of the end-user.
However, Gasson (2003) argues that certain conceptions of HCD “fail to promote human
interests because of a goal-directed focus on the closure of predetermined, technical
problems” (p. 41). Also, these conceptions “do not suggest any way of sensitizing the
designer to the context in the absence of prior experience or direct contact to the
respective context” (Seshadri et al., 2014, p. 5).

Others have explored design approaches that attempt to accommodate for the limitations
mentioned above. For example, Dukhan et al. (2009) propose that service-learning
projects promote students’ social-awareness by helping them to develop cultural
sensitivity and empathy. Jaycox et al. (2014) propose that “engaging students in somatic
awareness exercises will enhance their empathic perspective-taking ability and ultimately
their skill in ethical reasoning and engineering design” (p. 1769).
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Two specific design approaches have potential to accommodate the limitations mentioned
above. The first approach is participatory design (Sanders, 2008). Participatory design
“attempts to actively involve the people who are being served through the design process
to help ensure the designed product/services meet their needs” (Sanders, 2008). The goal
is to “involve those who will become the users throughout the design development
process to the extent that this is possible” (Sanders, 2008, p. 14). The second approach is
generative design (Sanders, 2008). Generative design approach “empowers everyday
people to generate and promote alternatives to the current situation” (Sanders, 2008, p.
15). Both approaches are about empowerment. The people are not passive recipients of
the designers’ genius and expertise but the actively engaged and committed in and
throughout the process.
Evolution of Human-Centered Design
The tradition of HCD was first introduced by Draper & Norman (1986) in the 1980s as
User-Centered Design. Underlying this new approach to design was a desire to “start with
the users, and to work from there” (Draper & Norman, 1986, p. 2). That work was
quickly followed up by Norman’s (1988) seminal book, The psychology of everyday
things. Since then, there have been interpretations of UCD such as a philosophy of design
(Norman, 1988), a methodology (Baek et al., 2008; Draper & Norman, 1986; Endsley &
Jones, 2011; McKelvey, 1994), a process (Gulliksen et al., 2003; Vredenburg, Mao,
Smith, & Carey, 2002), and an umbrella term to represent multiple design methods and
methodologies (McDonagh-Philp & Lebbon, 2000).

UCD was based on the needs and interests of the user by asking users about their goals,
the tools they need, the tasks they want to do, and their preferences (Draper & Norman,
1986; Norman, 1988). The goal of the UCD approach was to make products that are
usable and understandable (Norman, 1988). However, Norman later admitted that this
original conception did not consider users’ emotions in addressing issues of function,
form, utility, and usability. Norman, has since extended this conception—based on
scientific advances that have led to new understandings of how emotions and cognition
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are interconnected—to consider matters of emotion and aesthetics and began referring to
it as HCD (Norman, 2007).

In the late 1980s, Krippendorff (1989) introduced the term human-centered design. Based
on values that emphasize human meaning (Giacomin, 2014), HCD extended Draper &
Norman’s (1986) original conception of UCD. Thus, it naturally focused on questions,
insights, and activities that take place with the people that will ultimately use the product,
system, or service rather than with the professionals “doing design”, materials used, or
artifacts that are created (Giacomin, 2014). Similar to UCD, there have been various
intepretations of HCD such as a methodology (Gasson, 2003; Krippendorff, 2004), a
process (IDEO, 2011; International Organization for Standardization, 1999, 2010), a way
of thinking (T. Brown, 2009; IDEO, 2015), and an umbrella term representing multiple
design methodologies that share common principles (Steen, 2011).

A new design approach emerged from the HCD tradition, namely, empathic design (e.g.,
Koskinen, Battarbee, & Mattelmäki, 2003; Leonard & Rayport, 1997; Mattelmäki,
Vaajakallio, & Koskinen, 2014; Steen, 2011; Zoltowski et al., 2012). Empathic design,
considered by some as an approach to HCD (see Baek et al., 2008; Steen, 2011;
Zoltowski et al., 2012), was introduced by Leonard & Rayport (1997) in the late 1990s.
The last few decades have seen the articulation of empathic design methodologies and
approaches that further define the nuance of designing for people. Nevertheless, empathic
design has been “built on a long history of human-centered design” (Mattelmäki et al.,
2014, p. 68).

This approach has been used in various applications for design practitioners, in business
strategies (IDEO, 2011; Leonard & Rayport, 1997) and in various contexts, such as
engineering service learning (Zoltowski et al., 2012) and product design (Koskinen et al.,
2003). Empathic design can employ a narrative that might involve little or no direct
contact between designers and users (Mattelmäki et al., 2014), yet it can also involve
contact with real users (Koskinen et al., 2003). In other words, this approach helps
designers to understand the users and the context in which the users are situated but does
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not necessarily require contact or interaction with the users. Empathic design methods
have been used as tools for developing designers’ abilities, making them more sensitive
to people and mitigating missed design opportunities (Mattelmaki et al., 2014).
According to Koskinen et al. (2003), “The key to empathic design is understanding how
the user sees, experiences and feels some object, environment or service in the situation
in which he or she uses it” (p. 45). Based on the literature, the two central tenets of
empathic design are understanding the broader design context by focusing on
users’/customers’ everyday environment (Koskinen et al., 2003; Leonard & Rayport,
1997; Mattelmaki et al., 2014; Zoltowski et al., 2012) and considering the feelings and
emotions of users/customers (IDEO, 2011; Mattelmaki et al., 2014; Steen, 2011).

At the turn of the century, another approach within the HCD tradition emerged which
came to be known as collaborative or co-design (Scrivener, Ball, & Woodcock, 2000).
Co-design refers to “the creativity of designers and people not trained in design working
together in the design development process” (Sanders & Stappers, 2008, p. 6). Marc
Steen (2011) describes co-design as a contemporary form of participatory design with
tools and techniques added from other traditions. On the other hand, Sanders & Stappers
(2008) consider co-design to be participatory design simply renamed based on “the recent
obsession with…co-creation/co-design” (p. 7). Regardless, co-design “attempts to
actively involve the people who are being served through the design process to help
ensure the designed product/services meet their needs” (Sanders, 2008, p. 14). The goal is
to “involve those who will become the users throughout the design development process
to the extent that this is possible” (Sanders, 2008, p. 14). The approach is about
empowering the people not as passive recipients of the designers’ genius and expertise
but actively engaged and committed in and throughout the process. It has been labeled as
an approach to HCD because, rather than focusing primarily on the designer,
participatory design focuses on drawing users into the design process (Baek et al., 2008;
Steen, 2011).

However, Mattelmäki et al. (2014) describe co-design as an evolved form of empathic
design that is more aligned with the contemporary American version of participatory
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design sharing “neither the theory nor the politics of the movements of participatory
design…” (Mattelmäki et al., 2014, p. 68) as practiced in Scandinavia in the 1980s. The
tradition of participatory design, has been distinct from co-design due to its underlying
principles. Participatory design seeks “humanization and democratization as overriding
design goals, in keeping with the aim of building an egalitarian society” (Floyd, Mehl,
Resin, Schmidt, & Wolf, 1989, p. 253). In other words, it is rooted in democratic values
for the workplace and in worker emancipation (Kyng & Greenbaum, 1991; Törpel,
2005). Participatory design, especially as commonly practiced in the United States, does
not necessarily share this underlying philosophy (Mattelmäki et al., 2014).

Participatory design has primarily been utilized in software systems design and
development for users in their work environment (Baek et al., 2008; Blomberg &
Henderson, 1990; Floyd et al., 1989; McKelvey, 1994; Piela, Katzenberg, & McKelvey,
1992; Steen, 2011). The focus of the design endeavor is not simply to develop new
technology but also to consider the users’ work, work conditions, and quality of work
life; for example, “improving the quality of work life may involve rearranging the
furniture, reallocating work tasks, or creating flexible hours” (Blomberg & Henderson,
1990, p. 354). Participatory design focuses on drawing users into the design process
(Baek et al., 2008; Blomberg & Henderson, 1990; McKelvey, 1994; Piela et al., 1992;
Schuler & Namioka, 1993; Steen, 2011). The three tenets of participatory design are: 1)
improving the quality of the users’ work life is the goal; 2) collaboration is essential; and
3) the process is iterative (Blomberg & Henderson, 1990). Piela et al. (1992) suggest that
participatory design endeavors must: 1) establish common criteria for establishing
success by all members of the group, 2) strengthen the character of user-developer
interaction, 3) improve the quality of work life, and 4) emphasize design as an iterative
process.

A very recent development in the HCD tradition is compassionate design thinking
(Seshadri et al., 2017, 2014; Seshadri & Reid, 2015). Compassionate design thinking is
rooted in the HCD tradition and provides a framework that “helps designers adopt a value
system that honors the well-being of end-users by emphasizing dignity, empowerment,
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and safety” (Joslyn & Hynes, 2016, p. 3). Therefore, compassionate design not only
offers tools to identify and address the details of sensitive contexts but it also helps
cultivate students’ thinking to explicitly consider the well-being of end-users (Seshadri et
al., 2017, 2014).

Seshadri, Reid, & Booth (2014) assert that:

Engineers are called upon to address problems that require an underlying
understanding, not only of the technical aspects, but also of a wide range of
implications, ranging from social, to economic, and psychological impacts of their
design decisions, indicating the importance of non-technical skills in the
professional [formation] of engineers. (p. 3)

However, most tools provided for students during engineering design courses are
primarily suited for managing functional aspects of a design, and do not help students
develop their thinking in this regard design framework specifically for “sensitizing
engineers to issues and considerations that may get overlooked when relying solely on
traditional methods” (Seshadri et al., 2014, p. 4).
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Figure 1: Elements of Compassionate Design (Seshadri et. al., 2014)
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The intent of compassionate design thinking is to “[help] designers adopt a value system
that honors the well-being of end-users by emphasizing dignity, health, empowerment,
safety, and happiness” (Joslyn & Hynes, 2016, p. 3) (see Figure 1). Therefore,
compassionate design not only offers tools to identify and address the details of sensitive
contexts but it can also help cultivate students’ thinking to consider, identify, and
implement compassion factors (i.e. dignity, health, empowerment, safety, and happiness)
in the design process within such contexts. Seshadri et al. (2014) define a sensitive design
context as one that is “perceived as invasive/personal by the user, resulting in a high
degree of emotional engagement in the given context” (p. 03). These contexts are
common in medical settings, but extend to a number of others settings as well.

Because compassionate design thinking is necessary in contexts that are sensitive in
nature, it explicitly addresses the need for sensitizing designers to human needs and
preparing them to attend to such needs appropriately, a topic that is not always
emphasized by other design methods and philosophies. In practice, compassionate design
solutions are often guided by strong insights of designers who are sensitized to human
needs and address them appropriately. Examples of compassionate design thinking in
practice include ‘Embrace’ baby warmer, ‘Jaipur foot’, ‘UV Waterworks’, and ‘GE MRI
for kids’. These products illustrate the importance of the deeper awareness gained
through sensitizing beyond simply “understanding the users and working with them
towards a logical solution” (Seshadri et al., 2014, p. 11). Necessarily, the purpose for
sensitizing engineers is to help them become aware of and sensitive to emotional aspects
that may get overlooked in familiar and unfamiliar contexts, especially when users have
high levels of emotional involvement. Recent work shows that sensitizing engineers is
important because when novices are asked to design for a context they have no
experience with, they tend to focus primarily on the objective/functional aspects of the
solution, whereas novices who have experienced the context are able to better frame the
problem (Seshadri & Reid, 2015). This result motivates the need for a framework that can
help engineers think through problems more effectively.
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All of these design approaches consider the reality that engineering takes place in a
human context. Accordingly, they attempt to place people at the center of design tasks.
By doing so, these design approaches emphasize that engineering is “for people”
according to the People Part of Engineering framework (Fila, et al., 2014) for engineering
education discussed earlier. In accord with this humanistic framework, compassionate
design naturally focuses on the ‘for people’ quality of engineering in a distinct way that
necessitates that students not only consider their own elements of self but also consider
the unique elements of self of those for whom they engineer, the ‘as people’ component
of the framework. In the following section I will introduce transformative/emancipatory
learning as a theoretical framework for teaching and learning in engineering education
that can extend and enrich the purpose of engineering education.
Opportunity in Transformative/Emancipatory Learning
In this section I introduce a framework for teaching and learning in engineering education
that can extend and enrich the purpose of engineering education. It is appropriate for
engineering education because it accommodates the primary type of learning that takes
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place in engineering and it emphasizes two types of learning that are typically over
looked in favor of technical knowledge and skills.
What Is Transformative Learning
Mezirow (2003) defines Transformative Learning (TL) as “…learning that transforms
problematic frames of reference—sets of fixed assumptions and expectations (habits of
mind, meaning perspectives, mindsets)—to make them more inclusive, discriminating,
open, reflective, and emotionally able to change” (p. 58, italics added). Frames of
reference are problematic when they are taken-for-granted which may include:
…fixed interpersonal relationships, political orientations, cultural bias, ideologies,
schemata, stereotyped attitudes and practices, occupational habits of mind,
religious doctrine, moral-ethical norms, psychological preferences and schema,
paradigms in science and mathematics, frames in linguistics and social sciences,
and aesthetic values and standards. (Mezirow, 2003, p. 59)

The goal of TL is perspective transformation. According to Mezirow (1978, 1981, 1991,
1997, 2003), a perspective transformation is the process of becoming critically aware of
how and why one’s problematic frames of reference limit the way one perceives,
understands, and feels about reality; changing these frames of reference resulting in a
more refined, open, and integrative perspective; and making a conscious decision to act
based on the new understandings. Furthermore, perspective transformation equates to
emancipatory action (Mezirow, 1981). As such, TL is emancipatory, at least cognitively,
to the extent that a person becomes aware of their frames of reference, that is, their fixed
sets of assumptions and habits of mind, and makes a conscious choice to change them
(Mezirow, 1981).
The theory underlying TL is based on psychological and psychotherapy findings that “it
is not so much what happens to people but how they interpret and explain what happens
to them that determines their actions, their hopes, their contentment and emotional wellbeing, and their performance” (Mezirow, 1991, p. xiii) and is grounded in
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“constructivism, critical theory, and deconstructivism in social theory and in all the social
sciences, law, literature, and art” (Mezirow, 1991, p. xiii). The constructivist theoretical
assumptions that underlie TL are: “a conviction that meaning exists within ourselves
rather than in external forms such as books and that the personal meanings that we
attribute to our experience are acquired and validated through human interaction and
communication” (Mezirow, 1991, p. xiv). The critical theoretical assumptions that
underlie TL are set within the social theoretical context of Habermas’ Theory of
Communicative Action (TCA). Overall, the theory underlying TL “seeks to elucidate
universal conditions and rules that are implicit in linguistic competence or human
development” (Mezirow, 1991, p. xiii).
TL addresses “direct intervention by the educator to foster the development of the skills,
insights, and especially dispositions essential for critical reflection—and self-reflection—
on assumptions and effective participation in critical-dialectical discourse (reflective
judgment)—essential components of democratic citizenship” (Mezirow, 2003, p. 62).
According to Mezirow (1990), “critical reflection involves a critique of the
presuppositions on which our beliefs have been built” (p. 1) and, in particular,
“challenging the validity of presuppositions in prior learning” (p. 12). Necessarily, TL
involves “correcting distorted assumptions (epistemic, sociocultural, or psychic) from
prior learning” (Mezirow, 1990, p. 18) and can occur in instrumental or communicative
learning (Mezirow, 1990).

In the following sections I will introduce and elaborate on the foundational concepts of
TL. This includes a description frames of reference and what they are; transformation of
frames of reference, how and why; and ways of learning, vis-a-vis frames of reference.
Within learning I will further elaborate on the role of critical reflection and discourse in
TL.
Frames of Reference
Simply put, frames of reference are the structures by which we make meaning. They
consist of sets of fixed assumptions and expectations (e.g., meaning perspectives, habits
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of mind, mindsets—Mezirow uses these three terms interchangeably), which serve to
focus, shape, and delimit how we interpret our experiences and, thus, how we make
meaning (Mezirow, 1990, 1991, 1994, 1997, 2003). “What we perceive and fail to
perceive and what we think and fail to think are powerfully influenced by habits of
expectation.” (Mezirow, 1990, p. 1, italics added)

Frames of reference can be differentiated along two-dimensions: points of view and
habits of mind. More specifically, points of view are specific, concrete manifestations of
our habits of mind—in the way one’s habits of mind become articulated in her/his points
of view (Mezirow, 1990, 1991, 1994, 1997). For example, ethnocentrism, the
predisposition to regard others outside one’s group (e.g., ethnicity or gender) as inferior,
is an all too real habit of mind with points of view that manifest in negative racial and
sexual stereotypes and their corresponding feelings, beliefs, attitudes, and judgments
(Mezirow, 1991; 1997).
Points of view are “sets of related and habitual expectations governing if-then, causeeffect, and category relationships as well as event sequences” (Mezirow, 1990, p. 2).
They are composed of specific knowledge/concepts, beliefs, value judgments, and
feelings that shape particular interpretations of experiences (Mezirow, 1991; 1994) and
serve as “habitual, implicit rules for interpreting” (Mezirow, 1990, p. 2).
Habits of mind “refer to the structure of assumptions within which one’s past experience
assimilates and transforms new experience” (page) during the process of interpretation
(Mezirow, 1990; 1991). “[Habits of mind] are made up of higher-order schemata,
theories, propositions, beliefs, prototypes, goal orientations, and evaluations, and what
linguists call ‘networks of arguments’” (Mezirow, 1990, p. 2) that act as filters during
acts of perceiving, comprehending, and remembering (Mezirow, 1991). In other words
they are “broad sets of predispositions resulting from psychocultural assumptions which
determine the horizons of our expectations” (Mezirow, 1994, p. 223). Habits of mind also
consist of habits of expectation that are applied to a phenomenon (i.e., an object or event)
to form an interpretation (Mezirow, 1990). These habits of expectation are “broad,
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abstract, orienting, habitual ways of thinking, feeling, and acting influenced by
assumptions that constitute a set of [cultural, social, educational, economic, political, or
psychological] codes” (Mezirow, 1997, p. 6). They include personal constructs such as
perceptual filters, conceptual maps, metaphors, and personal ideologies as well as
repressed functions, developmental stages, and learning styles (Mezirow, 1990). Our
predispositions and habits of expectation provide the presuppositions for our habits of
mind through which we make interpretations and take action (Mezirow, 1990).

Habits of mind also involve criteria for belief systems and making value judgments often
“uncritically acquired in childhood through the process of socialization” (p. 3) or cultural
assimilation in emotionally charged contexts like home or school (Mezirow, 1990).
However, others may be intentionally learned, such as positivist, behaviorist, Freudian, or
Marxist habits of mind (Mezirow, 1990). Still, others are stereotypes we have
unintentionally learned; for example, “what it means to be a woman, a parent, a manager,
a patriot, a member of a particular racial group, or an older person” (Mezirow, 1990, p.
3). In the next section I will discuss the process and mechanisms for transforming
meaning structures (i.e., transforming our frames of reference) placing particular
emphasis on transforming habits of mind, the basis of the TL concept of “perspective
transformation.”
Transforming Frames of Reference
Frames of reference are transformed through engaging in critical reflection (i.e., attending
to the grounds/justification for one’s beliefs) (Mezirow, 1994). Critical reflection
involves “a critique of assumptions to determine whether the belief, often acquired
through cultural assimilation in childhood, remains functional for us as adults. We do this
by critically examining its origin, nature, and consequences” (Mezirow, 1994, p. 223).
According to Mezirow (1994) “We reflect on the unexamined assumptions of our beliefs
when the beliefs are not working well for us, or when old ways of thinking are no longer
functional” (p. 223). This is triggered by experiencing an anomaly or crisis in which old
ways of knowing cannot make sense. These ‘disorienting dilemmas’ “become catalysts or
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‘trigger events’ that precipitate critical reflection and transformations” (Mezirow, 1990,
p. 14).
Transforming points of view involves “reflecting on the content and process of our
problems…” (Mezirow, 1994, p. 224). According to Mezirow (1994) “[This] takes place
within the context of problem-solving. We may reflect on the content of the problem, the
process of the problem, or the premise of the problem” (p. 224). Transforming our points
of view (and changing our minds) are everyday phenomena (Mezirow, 1994). Points of
view “become more differentiated and integrated or transformed by reflection on the
content or process of problem solving in progressively wider contexts” (Mezirow, 1991,
p. 6). They are more likely to be perceived by others than habits of mind (Mezirow,
1997) and therefore change more easily/frequently.

Transforming habits of mind (i.e., perspective transformation) involves reflection on the
premises of our problems or about oneself and has cognitive, affective, and conative
dimensions (Mezirow, 1994; 1997). For example, taking action on a new transformative
insight can be blocked by “external or internal constraints (or both), by situational and
psychic factors, or simply by inadequate information or lack of skill to proceed”
(Mezirow, 1990, p. 12). Accordingly, habits of mind are more durable than points of
view (Mezirow, 1997). Still, perspective transformation may happen as the accumulation
of transformations in points of view or through critical reflection resulting in
transformation of habits of mind, often “evoked by an eye-opening discussion, book,
poem, or painting or by one’s efforts to understand a different culture that challenges
one’s presuppositions” (Mezirow, 1990, p. 14) or as a result of a major event in one’s life
that serves as a “disorienting dilemma”—a divorce, death of a loved one, change in job
status, etc. (Mezirow, 1978, 1990, 1991, 1994, 1997). These “Anomalies and dilemmas
of which old ways of knowing cannot make sense become catalysts or ‘trigger events’
that precipitate critical reflection and transformations” (Mezirow, 1990, p. 14).
Habits of mind can be transformed via “critically reflective assessment of epistemic,
sociocultural, and psychic distortions” (p. 14) often acquired through uncritical
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acceptance of another’s values (i.e., the process of introjection) (Mezirow, 1990).
According to Mezirow (1990) “Epistemic distortions have to do with the nature and use
of knowledge” (p. 15). Examples of epistemic distortions include: less developed
reflective judgment (i.e., “every problem has a correct solution if we could only find the
right expert”; Mezirow, 1990, p. 15); reification (“[seeing a] phenomenon produced by
social interaction as immutable”; Freire, 1993, p. ); using descriptive knowledge as
prescriptive; objectifying abstractions (e.g., interpreting reality concretely when
abstractly interpreting is required); positivist supposition that only empirically verifiable
propositions are meaningful. “Sociocultural distortions involve taking for granted belief
systems that pertain to power and social relationships, especially those currently
prevailing and legitimized and enforced by institutions” (Mezirow, 1990, p. 15) as well as
ideologies as distorted belief systems (Mezirow, 1990)—for example, assuming that the
particular interest of a subgroup is the general interest of the group as a whole (Mezirow,
1990).
Most importantly, “perspective transformation is synonymous with emancipatory action”
(Mezirow, 1981, p. 6). For example, the transformation of several specific points of view
connected to one’s role(s) can lead her/him to question her/his own identity that has been
predicated upon previously assumed habits of mind such as approved ways of seeing and
understanding, stereotypes or cultural habits of mind—particularly those approved ways
of seeing and understanding, stereotypes and habits of mind/mindsets associated with
engineering. Challenging assumptions (e.g., prescribed social norms, stereotyped sex
roles, approved ways of seeing and understanding, etc.), shaped by our language, culture,
and personal experience, can lead one to redefine one’s life in their own terms resulting
in transformed personal identity, self-concept, and values, along with personal
development, autonomy, and self-determination (Mezirow, 1990; 1991). The result of
emancipatory learning is, “…freedom from libidinal, linguistic, epistemic, institutional,
and environmental forces that limit our control over our lives” (Mezirow, 1991, pp. 97–
98). Within engineering education, the emancipatory dimension of TL is also relevant
because engineering is fraught with epistemic and institutional habits of mind (e.g.,
technocentrism, positivism, reductionism) that are resistant to change, perpetuating the
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status quo, and are often based on values and beliefs with unquestioned or unidentified
underlying assumptions (e.g., objectivity, depoliticization, technical/social dualism)
(Cech, 2014; Riley, 2008).
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Figure 3: TL Phases of transformation

Learning
According to TL theory, human learning can be divided into three interactive dimensions
that are involved in most acts of learning about the world, other persons, and ourselves:
the instrumental, communicative, and transformative/emancipatory (Mezirow, 1990,
1991). “Instrumental learning centrally involves determining cause-effect relationships
and learning through task-oriented problem solving” (Mezirow, 1991, p. 73) that is, how
to do something or how to perform). Furthermore, validation of instrumental learning is
amenable to empirical demonstration (Mezirow, 1990) through common assessments
tools such as problem sets, exams and rubrics. As such, it is ubiquitous throughout
science-based engineering education (e.g., Sheppard et al., 2009). Underlying

40
instrumental learning is the goal of exerting greater control over a problem situation
(Mezirow, 1990).
“Communicative learning is learning to understand the meaning of what is being
communicated” (Mezirow, 1991, p. xv) and involves understanding, describing, and
explaining intentions, ideals, values, moral issues, feelings, reasons, and concepts (e.g.,
freedom, justice, love, labor, autonomy, commitment, democracy) (Mezirow, 1991). The
focus of communicative learning is increasing insight and attaining common ground
(Mezirow, 1991). As such, there are no empirical tests of truth and validation must rely
on consensual agreement of what is asserted (Mezirow, 1990). Furthermore, validation of
communicative learning is not amenable to empirical demonstration—for example, using
a rubric to evaluate one’s performance during a presentation realigns the communicative
act to an exercise in instrumental learning. Underlying communicative learning is, “the
process of relating to another as a psychological subject (an agent like oneself) rather
than as an object to be controlled and manipulated” (Mezirow, 1990, p. 79) or what
Mezirow (1990) calls intersubjectivity. Necessarily, communicative learning occurs as
we learn to understand what is expressed rather than dictating what should be done. TL
provides an appropriate framework for teaching and learning in engineering education
because it accommodates instrumental learning, ubiquitous in engineering education and
rightfully so, but TL endeavors beyond instrumental learning and includes
communicative as well as transformative/ emancipatory learning (discussed earlier) that
can be incorporated into engineering education.
When it comes to learning, an individual’s acquired frame of reference is the lens or
habits of expectation by which meaning is construed and all learning takes place and its
transformation are central throughout the TL process (Mezirow, 1991). New
interpretations “may lead to a reflective change on our original point of view, elaborating,
supplementing, or transforming it. [When new interpretations] successfully challenge an
entire habit of mind, it can result in a perspective transformation” (Mezirow, 1991, pp.
95–96). When interpretation is used to “guide decision making or action”, meaning
making becomes learning (Mezirow, 1990, p. 1). Therefore, “Learning may be defined as
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the process of making a new or revised interpretation of the meaning of an experience,
which guides subsequent understanding, appreciation, and action” (Mezirow, 1990, p. 1).

Within this framework, Mezirow (1991, 1997) proposed four learning processes (see
Table 1): learning through existing points of view, learning new points of view, learning
through transformation of points of view, and learning through perspective

Table 1:Learning processes proposed by Mezirow
Learning process
Example
Learning through existing points Seeking further evidence to support one’s initial
of view
bias regarding the technical aspects of engineering
and expanding the range or intensity of this point of
view
Learning new points of view

Creating new meaning schemes by focusing on the
dominant technical aspects of engineering, as
shaped by one’s technocentric, positivist, or
reductionist habits of mind

Learning through transforming
points of view

A change in point of view toward the social aspects
of engineering and, as a result, becoming more
tolerant or accepting of the social aspects of
engineering. This may involve critically reflecting
on one’s misconceptions about the social aspects of
engineering.

Learning through transforming
habits of mind

Becoming aware and critically reflective of one’s
generalized bias in the way she views the technical
and social aspects of engineering

transformation (i.e., transforming of habits of mind). Each learning process serves a
particular purpose and each is necessary for leaning.
Learning through existing points of view is equivalent to “recipe learning” or rote
learning. In other words, it involves habitual, stereotypic responses to information
interpreted through existing, consciously known categories of meaning in which one
behavior becomes the stimulus for another behavior. The only thing that changes within a
point of view is a specific response (Mezirow, 1991).
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Learning new points of view involves creating new points of view that are
commensurable with existing habits of mind. These new points of view complement the
existing habits of mind by extending their scope. Even though existing habits of mind are
extended, they do not change fundamentally. Existing habits of mind are “strengthened
rather than negated” (p. 93) because the new points of view make it possible for
understanding of new areas of experience to reconcile inconsistencies or anomalies
within the existing perspective (Mezirow, 1991).

Learning through transformation of points of view involves realization that specific
points of view or beliefs are no longer functional. This results in a growing sense of
inadequacy regarding existing ways of seeing and understanding. The accretion of
transformed points of view can lead to a transformation in habits of mind (Mezirow,
1991).

Learning through transformation of habits of mind involves becoming aware of and
critically reflecting on specific presuppositions that are the basis for distorted or
incomplete habits of mind. Transformation occurs through a reorganization of the habits
of mind. Key to transformation of a habit of mind is an experience:
…that cannot be getting coherence either by learning within existing [points of
view] or by learning [new points of view]. Illumination comes only through a
redefinition of the problem. Redefinition in turn is achieved by critically
reassessing the assumptions that support the current [points of view] in question.
(Mezirow, 1991, p. 94)
Review of the Relevant Literature
This literature review was conducted by searching the ERIC database for peer-reviewed
articles that reference transformative learning, at least in part, as a framework that
informed the study in some way. The results of the database search were filtered for
studies that were conducted in higher education, vocational education, or continuing
education since the year 2000. Final selection of a particular article was decided based on
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its relevance to my proposed research after reading the article. The final list of articles
use transformative learning as a theoretical framework within higher education, spanning
undergraduate education (Brock, 2010; Doucet, Grayman-Simpson, & Shapses
Wertheim, 2013; Henderson & Murdock, 2012; Mallory, 2003; Ross & Rosenbloom,
2011), graduate education (K. M. Brown, 2006; Goldie, Schwartz, & Morrison, 2005;
MacLeod, Parkin, Pullon, & Robertson, 2003; Scribner & Donaldson, 2001; Snyder,
2012; Stansberry & Kymes, 2007; Taylor, 2003; Ziegahn, 2001) and professional
development of college and university instructors (R. Donnelly, 2009; Gravett, 2004;
King, 2004; Schols, 2012; Schuerholz-Lehr, Caws, Van Gyn, & Preece, 2007), as well as
continuing education (Lange, 2004) and vocational education (Hodge, 2010).

Researchers primarily used qualitative methodologies to conduct their research such as a
general qualitative methodology (K. M. Brown, 2005; R. Donnelly, 2009; Henderson &
Murdock, 2012; Schols, 2012; Schuerholz-Lehr et al., 2007; Taylor, 2003; Ziegahn,
2001) and specific qualitative methodologies like phenomenology (Doucet et al., 2013;
MacLeod et al., 2003), case study (Scribner & Donaldson, 2001; Snyder, 2012), and
action research (Gravett, 2004; Lange, 2004). However, quantitative methodologies
including survey (Brock, 2010) and quasi-experimental design (Mallory, 2003) and
mixed methods (Goldie et al., 2005; Hodge, 2010; King, 2004; Stansberry & Kymes,
2007) were also used.

The use of transformative learning to guide research has various applications as
evidenced in the literature. In what follows I will discuss the various applications within
two broad categories that are related to my research: 1) Implementing transformative
learning strategies; and 2) evaluating using transformative learning.
Implementing Transformative Learning Strategies
Brown (2005) assessed the possible effects of transformative learning strategies on the
personal beliefs and future actions of preservice educational administrators as they relate
to issues of justice in education. Transformative learning activities were implemented in a
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graduate level course “specifically designed to challenge students to explore various
constructs from numerous, diverse, changing perspectives” (p. 20).

Henderson and Murdock (2012) used guided imagery as a transformative learning
practice for an in-class exercise in an introductory undergraduate sociology course to
promote transformative learning. The purpose was to experience Researchers collected
qualitative data of students’ emotional and intellectual responses to the activity.

Mallory (2003) used transformative learning to develop and assess a palliative care
education component designed to change undergraduate nursing students’ attitudes
toward care of the dying. The researcher conducted a quasi-experimental study
comparing a control group with the intervention group. Results indicate that attitudes
toward care of the dying improved for students that participated in the palliative care
educational component, still, there was room for further improvement. There was no
statistically significant difference between attitudes toward care of the dying for the
control group and the intervention group.

Stansberry and Kymes (2007) designed a transformative learning experience, creating a
web-based portfolio, that promotes transformation of graduate literacy education
students’ perspectives and understandings of teaching with technology. The researchers
used the 10 stages of transformative learning to categorize their findings. Transformation
related to using web-based portfolios as assessment tools “was rather weak” (p. 495).

Ziegahn (2001) used asynchronous online discussion as a strategy for influencing
reflection for a graduate level course on inclusive community building. Used software to
analyze transcripts of online discussions.
Evaluating Using Transformative Learning
Hodge (2010) explored Vocational Education and Training (VET) looking for evidence
of transformative learning. This article was especially insightful because learning in VET
focuses on standardized instrumental outcomes. Students enrolled in VET programs
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completed a questionnaire based on King’s (1998) Learning Activity Survey (LAS).
Results indicate that students enrolled in the Certificate IV Youth Work program and the
Diploma of Frontline Management program represented high levels of transformative
learning whereas students enrolled in the Motorcycle Maintenance Apprenticeship
program represented lower levels of transformative learning. Furthermore, interviews
with trainers from the respective programs revealed that youth work trainers understood
their role, at least in part, as facilitating significant change in learners; however,
management and motorcycle maintenance trainers’ understanding of their roles were in
stark contrast, believing that facilitating changes in learners had no place in their training.

MacLeod, et al. (2003) used transformative learning to evaluate a program developed to
help first year medical students learn to care for sick and dying patients by requiring them
to spend time with a dying patient and the patient’s family. As part of the program
students produced a portfolio including a personal reflection of the experience. The
personal reflections were analyzed using a Heideggerian phenomenological perspective.

Scribner and Donaldson (2001) studied the group dynamics and the learning that took
place within a project team within an educational administration graduate cohort. The
researchers used a framework based on Mezirow’s (1990) types of reflective learning
(i.e., non-reflective learning, reflective learning, and critically reflective or transformative
learning) to analyze students’ learning. The data indicated that predominantly nonreflective learning occurred; reflective learning occurred sometimes and not by all
members of the team; and transformative learning did occur but it was not realized until
time had passed and the students had time to critically reflect on their experience.

Snyder (2012) studied a teacher education program to identify replicable elements that
can support graduate students transitioning to a new career in teaching secondary
education. The researcher used Mezirow’s (1991) ten phases of transformative learning
as a lens for interpreting the participants’ experiences on their journeys. Findings indicate
that participants experienced perspective transformation, however, they were
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overshadowed by the identification of five themes that contributed to the successful
transition to teaching.

Underpinning each of these studies is the application of transformative learning in a
higher education context from general courses to specific programs (i.e., teacher
education, educational administration education, nursing education, medical school,
business school, youth work training, and learning in retirement). However, missing from
this work is the application of transformative learning in engineering education contexts.
Therefore, my research attempted to bridge this gap. Furthermore, none of the studies
employed Mezirow’s (1991, 1997) four processes of transformative learning for
implementing TL strategies or evaluating learning.

In this chapter I presented a synthesis of literature to construct a framework for
humanizing engineering education based on two interrelated elements: helping students
grow and develop in multiple dimensions (e.g., cognitive dimensions such as knowledge,
rationality, and technical ability; affective dimensions such as perceptions, feelings,
emotions, judgments, misinterpretations, anxieties, and fears; and character dimensions
such as values, moral development, self-discipline, and personal responsibility);
reconciling the social and technical nature inherent in engineering and engineering
education (providing a framework for which teaching and doing engineering begins and
ends that situates engineering as done for people, with people, and as people). I also
proposed a context (HCD), a theoretical framework (TL), that can humanize engineering
education according to the proposed framework. In the following chapter, I go through
the methodology guiding this research and outline the research design including data
gathering and analysis.
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CHAPTER 3: METHODOLOGY

The research approach I employed for my study is action research. I will begin this
chapter by introducing action research as a methodology for transforming teaching and
learning in engineering education that can extend and enrich the purpose of engineering
education. I do this by providing an historic overview of action research, a review of the
literature of action research used in teaching and learning contexts in engineering
education, and defining action research as operationalized for my study. Then I will
layout the research design by describing participants, data gathering methods, my role as
the researcher, potential dilemmas associated with my research role, and data analysis. I
will end the chapter with discussions of the ethical considerations I embedded in the
research design and measures I took to establish the trustworthiness and validity of my
proposed study.
An Historical Perspective of Action Research
The field of action research emerged in the United States during the 1930s. The origins of
the term “action research” is typically credited to Lewin (1946) and his work with
intergroup relations workers in Connecticut during the 1940s (e.g., Chevalier & Buckles,
2013; Kemmis, 1980; Noffke, 1997; Reason & Bradbury, 2008). However, Collier (1945)
has been credited by some as the originator of the concept of action research for his work
as Commissioner of Indian Affairs during the 1930s and 1940s (e.g., Kemmis, 1980;
Noffke, 1997). Corey (1953) is recognized as the first person to conduct action research
with K12 teachers in the 1950s (e.g., Noffke, 1997) asserting that teachers, supervisors,
and administrators must identify practices that must be changed, try out practices with
greater ‘promise’, and test their worth by methodically and systematically gathering
evidence if they are to make better decisions and engage in more effective practices.
Hence, Corey is often credited for what we know today as “educational action research.”
From its origins, action research was “concerned with translating findings from social
scientific research to practical action to address social issues using social action”
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(Radloff, Joslyn, & Capobianco, 2016, p. 2001). Since then action research has been used
in a variety of ways, for a variety of purposes, and within a variety of contexts. For
example, it has followed the steps of traditional research, for problem solving, at the local
community level (Borg, Gall, & Gall, 1993); it has employed new paradigms, for
challenging existing epistemologies, to compete with, if not complement, the political
economy of knowledge production (Fals-Borda & Rahman, 1991); it has embodied
principles of adult learning, for professional development, with teams of academics in
collaboration with academic development staff (Zuber-Skerritt, 1992); it has
problematized social practices (including that of action research itself), for individual and
social transformation (McTaggart, 1994), and so forth.

The different forms of action research, as presented in the previous examples, can reflect
fundamentally different assumptions about the processes and purposes of action research
as well as the various epistemologies embodied by action research (Noffke, 1997; Noffke
& Somekh, 2009). In this light, action research can have multiple meanings and be
understood in different ways depending on the context, purpose, etc. of the research.
Understandably, trying to nail down a definition of action research can be challenging
and problematic. Still, “[the various forms of action research] share an epistemology that
sees knowledge as essentially connected to practice” (Noffke & Somekh, 2009, p. 21).
According to Noffke (1997), action research, at its core, is defined, “as a social
movement [that] is fundamentally about emergent meanings of both action and research,
as well as the relationships between them” (p. 306). Overall, the aim of action research is
transformation (Carr & Kemmis, 1986).
Review of the Relevant Literature
This literature review was conducted by doing four searches. The first search was
conducted using the ERIC database. I did a keyword search for “engineering education”
AND “action research” and filtered the results for peer-reviewed articles. The search
yielded 35 articles. The list was narrowed to studies that were conducted in higher
education teaching settings such as classrooms, laboratories, etc. Among the final list of
articles from this search, none of the articles came from the Journal of Engineering
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Education (JEE) or the International Journal of Engineering Education (IJEE). Therefore,
I conducted a search on the respective websites for each journal, as well as the website
for the European Journal of Engineering Education (EJEE) using the keywords “action
research”. The search on the JEE website yielded two articles. The search on the IJEE
and EJEE websites yielded six articles and four additional articles, respectively. Final
selection of a particular article was decided based on its relevance to teaching and
learning after reading the article. The final list contained 30 articles.

The final list of articles use action research as a methodology for improving teaching and
learning in some way related to engineering education in higher education. These include
direct intervention in individual engineering courses (Ahlström & Christie, 2005;
Gynnild, Myrhaug, & Pettersen, 2007; Kolari, 2007; Moore, Kerr, & Hadgraft, 2011;
Popov, 2003; Rowe & Harris, 2000; Virkki-Hatakka, Tuunila, & Nurkka, 2013; Warin,
Talbi, Kolski, & Hoogstoel, 2016); engineering laboratories (Cancela, Maceiras,
Sánchez, Izquierdo, & Urréjola, 2016); non-engineering courses required for engineering
students, such as English (Dahbi, 2015; Díaz Ramírez, 2014; Kanwal & Shehzad, 2017;
Rivera Barreto, 2011), mathematics (R. V Adams & Blair, 2014; Añino et al., 2014;
Konstantinou-Katzi, Tsolaki, Meletiou-Mavrotheris, & Koutselini, 2013; Quinn,
Albrecht, Webby, & White, 2015; Rahman, Baharun, Yusof, & Rahman, 2014), and other
courses (Dominguez et al., 2015; Potter & van der Merwe, 2003; Potter, van der Merwe,
Kaufman, & Delacour, 2008); across groups or sequences of courses in engineering
programs (Burton, Schlemer, & Vanasupa, 2012; Hansen, 2004; Jorgensen & Kofoed,
2007; Larsson, Pålsson, Rantakokko, von Sydow, & Thuné, 2013; Rodriguez-Largacha et
al., 2015); and multidisciplinary projects including engineering programs (Faulkner,
Mahfuzul Aziz, Waye, & Smith, 2013; Gray, Chang, & Radloff, 2007; McDowell,
Smailes, Sambell, Sambell, & Wakelin, 2008). The majority of these studies focus on
undergraduate education (Añino et al., 2014; Burton et al., 2012; Cancela et al., 2016;
Dahbi, 2015; Díaz Ramírez, 2014; Dominguez et al., 2015; Faulkner et al., 2013; Gynnild
et al., 2007; Hansen, 2004; Jorgensen & Kofoed, 2007; Kanwal & Shehzad, 2017; Kolari,
2007; Konstantinou-Katzi et al., 2013; McDowell et al., 2008; Moore et al., 2011; Popov,
2003; Potter & van der Merwe, 2003; Potter et al., 2008; Quinn et al., 2015; Rahman et
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al., 2014; Rivera Barreto, 2011; Rodriguez-Largacha et al., 2015; Rowe & Harris, 2000;
Virkki-Hatakka et al., 2013; Warin et al., 2016), however, graduate education (R. V
Adams & Blair, 2014; Ahlström & Christie, 2005), and combined programs (Larsson et
al., 2013) were also studied.

Underpinning each of these studies is the application of action research in contexts
connected to engineering education in some way that explored teaching and learning.
However, only one action research study was conducted in the United States (i.e., Burton
et al., 2012). All of the remaining studies were conducted and published outside of the
U.S. Furthermore, only two articles related to action research were found in JEE. The
first article by Case & Light (2011) promoted the use of multiple emerging
methodologies, one of which being action research, within engineering education
research. The second article was a guest editorial by Olds, Borrego, Besterfield-Sacre &
Cox (2012) which likened conversations that contributed to the Innovations with Impact
report to a community action research project and called for more action research studies
and projects to meet the goals of widespread change. Although both articles promoted the
use of action research in engineering education, neither article was an action research
study and therefore, were not included in the final list of action research articles
associated with teaching and learning in engineering education. My research aimed to
contribute to the existing literature of action research conducted in engineering education
particularly in the U.S. where there appears to be a dearth of action research studies
conducted over the years.
Defining Action Research for My Research
Broadly, action research can be described as a way of doing research that:
…responds to people’s desire to act creatively in the face of practical and often
pressing issues in their lives in organizations and communities; calls for
engagement with people in collaborative relationships, opening new
‘communicative spaces’ in which dialogue and development can flourish; draws
on many ways of knowing, both in the evidence that is generated in inquiry and
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its expression in diverse forms of presentation as we share learning with wider
audiences; is values oriented, seeking to address issues of significance concerning
the flourishing of human persons, their communities, and the wider ecology in
which we participate; [and] is a living, emergent process that cannot be
predetermined but changes and develops as those engaged deepen their
understanding of the issues to be addressed and develop their capacity as coinquirers both individually and collectively. (Reason & Bradbury, 2008, pp. 3–4)

Yet, attempting to construct a single, comprehensive definition of action research can
prove both challenging and problematic. The action research literature reveals a
proliferation of varied usages of the term based on various contexts, purposes, practices,
perspectives, etc. (Noffke, 1997).

For my study, action research will refer to systematic (see Figure 4), self-reflective
inquiry carried out in social contexts (“middle years” mechanical engineering design
course) by researchers (course professor and myself) working together to examine and
take action to address various matters related to one’s practice (teaching human-centered
design) that aims to improve practice, understanding of practice, and conditions in which
one practices and is committed to personal, practical/professional, and political
transformation (Capobianco, 2011; Carr & Kemmis, 1986; Feldman, 1994; Kemmis,
2009).

To conceptualize action research for the purpose of my proposed study, I have
synthesized the literature on action research from an educational stance using a
collaborative approach and highlight the significant features that are transformative/
emancipatory in nature. In this manner, I hope to remain mindful of the elements that I
consider are at the heart of action research and embedded in my own heart. These tenets
include: increasing the capacity for people “to choose freely and act responsibly for
themselves and those they care [for]” (Feldman, 2002); linking practice and ideas in the
service of human flourishing; pursuing worthwhile human purposes; and adapting and
evolving as living inquiry (Reason & Bradbury, 2008).
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Figure 4: Action research process based on Carr & Kemmis, 1986
Educational Action Research is “a form of self-reflective inquiry undertaken by
participants in social contexts” that aims to transform practitioners’ practices by
“[improving] the rationality and justice of their own practices; their understanding of
these practices” (Radloff et al., 2016, p. 1999); and the conditions of the contexts in
which the practices are carried out (Carr & Kemmis, 1986; Kemmis, 2009). When carried
out, “[educational action research] is a more or less systematic, more or less disciplined,
process that animates and urges change in practices, understandings and the conditions of
practice” (Kemmis, 2009, p. 463). In the case of my research, a university professor
purposefully and mindfully created and implemented Transformative Learning Activities
(transforming practices) that contributed to the development of her practical knowledge
of these strategies (transforming understandings of practice) and furthermore, informed a
new approach and educational context for teaching human-centered design (transforming
conditions of practice).
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Collaborative action research entails researchers working together to examine and take
action, within their own situations, to address various matters related to one’s practice for
the purpose of improving it and understanding that practice better (Capobianco, 2011;
Feldman, 1994). Collaboration can be between several researchers or as few as two
(Calhoun, 1993). For this research, collaborative means a university professor and a
university researcher working together to “solve problems, create change, and accomplish
some shared goals with regards to teaching and student learning” (Capobianco, 2011, p.
649). I adapted Capobianco’s (2011) model for collaborative action research which has
two separate components: 1) the mechanical engineering professor (from here on will be
referred to as “the professor”) engaging in collaborative action research and 2) myself,
the university researcher (from here on will be referred to as “the researcher”) examining
the professor and how she engaged in action research. The researcher assisted the
professor with selecting and employing appropriate methods for collecting data as she
took part in the collaborative action research. Underpinning this model is a commitment
to the empowerment of both parties conducting research through joint decision making,
open dialogue, compassionate criticism, and collective action (Capobianco, 2002)—an
example of the transformative/ emancipatory nature of action research.

The transformative/emancipatory nature of action research is rooted in our ability to
change what we do and how we think. As researchers pursue worthwhile human
purposes, expressions of these features are numerous. On a personal level, action research
“changes peoples’ patterns of ‘saying’, ‘doing’, and ‘relating’ to form new patterns—new
ways of life” (Kemmis, 2009, p. 463). On a practical/professional level, it strives to
“improve the rationality and justice of [one’s] own practices” (Carr & Kemmis, 1986, p.
162). The TLAs that the professor and the researcher designed and implemented as part
of this research were developed based on TL and its potential to promote transformation
and emancipation. On a political level, it produces “communicative spaces [spaces where
practitioners can participate in making decisions and taking action] appropriate for
deliberative democracy” (Carr & Kemmis, 2009, p. 80). Throughout the process of this
research, communicative spaces were produced as the professor and the researcher
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engaged in dialogue, during both formal debriefing meetings and analysis of data, that
informed their decisions and actions. In the following section I will layout the research
design by describing the participants, data gathering methods, data analysis, my role as
the researcher, ethical considerations associated with the research, and measures taken to
promote the validity and trustworthiness of the findings.
Research Design
This research was designed to answer the following question: What does it look like to
engage in collaborative action research with a mechanical engineering professor to teach
Human-Centered Design using transformative learning pedagogies?

The course description, participants, and data gathering and analysis methods will be
presented in the following sections. These will be followed by a discussion of the role of
the researcher and ethical considerations taken during the research. Figure 5 presents a
timeline for the research design illustrated by three phases: pre-implementation,
implementation, and post-implementation.
Course Description
This research was conducted within a required “middle years” mechanical engineering
design course for students majoring in mechanical engineering. The course utilized an
integrated, project-based approach intended to offer socially-relevant, hands-on design
opportunities. Students are required to complete semester long design project submitting
regular deliverables throughout the semester as part of their course done during the lab
section. The course follows a lecture/lab structure where students attend lecture—which
represents the “academic” side of the class—twice per week and lab—which represents
the “application” side of the class—twice per week. The overall timeline of the course
follows three phases: problem definition, concept development, and prototyping. During
the semester of the research, the theme for the course project was assistive devices.

The professor that collaborated with the researcher on this project is an Assistant
Professor at a large Midwestern, research-intensive public university. During the research
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collaboration, she supervised the mechanical engineering design course as well as taught
one of the two lecture sections. The professor has been involved with the course in some
capacity for nearly five years and has been the course supervisor for four years.
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Figure 5: Timeline of the research design

Participants
The participants involved in this research were mechanical engineering students enrolled
in the two lecture sections of a department required “middle years” mechanical
engineering design course during the Spring 2017 semester. 161 students had enrolled in
the early-morning lecture section of the course and 149 students had enrolled in the midmorning lecture section of the course for a total of 310 students that participated in Part
II. Student demographic information such as gender and race were not provided;
however, of the undergraduate enrollment in the mechanical engineering department as a
whole, 5.3% are underrepresented racial minorities, 15% are women and 39% are
international.
Data Gathering Methods
Researchers conducting action research employ a variety of methods for gathering data
(Altrichter, Feldman, Posch, & Somekh, 2008; Burnaford, Fischer, & Hobson, 2001;
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Elliott, 1991; McNiff & Whitehead, 2010). The data gathering methods the researcher
employed for this research were qualitative. Data gathering methods appropriate for
collaborative action research include, but are not limited to, interviewing, observing,
journaling, and reviewing student documents and artifacts (Altrichter et al., 2008; Elliott,
1991; McNiff & Whitehead, 2010). These methods produce primary data sources such as
audio recordings of meetings and audio recordings of semi-structured interviews.
Collecting these data allowed the researcher to gain a deeper, holistic understanding of
the experience as a whole. The following sections outline and describe in more detail
each of the data gathering methods for this research.
Student Documents and Artifacts
Reviewing student documents and artifacts has been cited as appropriate for collaborative
action research (Altrichter, et al., 2008; Elliott, 1991; McNiff & Whitehead, 2010).
Within action research, access to documents and artifacts can serve as a discreet method
for gathering richly insightful data (Altrichter et al., 2008; K. M. Brown, 2005).
Reviewing documents and artifacts allowed the researcher to examine and understand
how students made meaning of the transformative learning activities. Furthermore, the
data provided evidence not only about what participants were learning but also about how
their existing points of view influenced their learning. By reviewing documents and
artifacts that would normally be generated as part of the course work regardless of the
research, the researcher did not need to elicit students to participate in this part of the
research.

The particular documents that the researcher reviewed were reflection assignments that
students completed as part of the TLAs. The reflection assignments, created in
collaboration by the professor and the researcher, were guided by prompts that focus on
the effectiveness of the activity, ways to improve the activity, and the personal impact of
the activity on the students (see Appendices D & E: Student Reflection Prompts). The
data were gathered in the form of the students’ written work and were securely stored on
my personal computer or in a locker, depending on the medium of the data.
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Questionnaire
A questionnaire was used to gather background about the “middle years” mechanical
engineering design course (see Appendix A: Questionnaire #1). These data were used to
provide a rich description of the course and how it has evolved historically,
pedagogically, and culturally.
Interviews
Within action research interviews typically have educational aims, such as enhanced
insight for the interviewee and the interviewer, and, thus, are often informal discussions
rather than formal interviews (McNiff & Whitehead, 2010). Therefore, I conducted two
semi-structured interviews with the professor. Semi-structured interviews allow the
interviewer to stray from the protocol as well as ask follow up questions to probe for
further insight (Altrichter et al., 2008; Mishler, 1991). One interview was conducted prior
to the course to establish the foundation for the collaborative research. The interview
followed a semi-structured protocol but was more conversational to explore the
professor’s understanding of the course and its structure and to discuss and develop the
professor’s objectives for conducting this research, the professor’s conception of
transformative learning, and how it relates to her objectives for the research (see
Appendix B: Interview #1 Protocol). This information along with the pre-course
meetings, mentioned in the previous section, will help ensure that the professor and the
researcher are on the “same page” once the research begins. The final interview was
conducted after the completion of the course and also followed a more conversational,
semi-structured protocol (see Appendix C: Interview #2 Protocol). This interview
allowed the professor to discuss specific experiences and how she has grown as a
researcher and as a person. The professor was provided with the interview protocols
before the respective interviews to have time to reflect about her answers. All of the
interviews were audio recorded and transcribed for analysis.
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Dialogue
The collaboration was designed to engender communicative spaces for the professor and
the researcher to engage in open dialogue and compassionate criticism in order to make
joint decisions and take collective action (Capobianco, 2002; Carr & Kemmis, 2009).
Prior to the course, the professor and the researcher met multiple times to clarify and
establish their roles for this project and to create the TLAs that were implemented with
the students. These meetings included critical conversation (McNiff & Whitehead, 2010)
about the nature of design, design teaching, the role of dialogue and critical reflection in
learning, and how to assess students. Critical conversation is a process for problematizing
our thinking to expose assumptions (McNiff & Whitehead, 2010) an essential part of
transformative learning. Throughout the course, the professor and the researcher met
regularly, especially after the implementation of each TLA to debrief, engage in critical
conversation, and discuss how to move forward. These meetings also included continued
conversations about issues that arose as part of the course and anything else that the
professor felt comfortable sharing. The information shared in these meetings were used to
inform the implementation of each subsequent TLA. Each of the meetings described
above were audio recorded and transcribed for analysis.
Data Analysis
The process of data analysis in action research can be represented by a cycle of steps,
much like the action research process itself. Altrichter, et al. (2008) refer to this process
as the constructive analysis of data. Figure 6 has been adapted from their version to
reflect how the process—which, in itself, can be seen as a mini action research cycle—
looked in the context of this study.

Analysis of the data was conducted primarily on student documents and artifacts during
phase II and phase III of the study. Partial analysis occurred as new data was collected
during the implementation of each new TLA to inform the implementation of subsequent
TLAs. The researcher conducted final analysis of all data during phase III of the study.
Analysis of the questionnaire, interview transcripts, and dialogue transcripts was
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conducted primarily as secondary data to identify catalytic events and provide a context
for the findings from the student documents.
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Figure 6: Constructive analysis of data (Adapted from Altrichter et al., 2008)
Coding was the primary tool for analyzing the data. The specific coding method the
researcher employed was deductive coding. Deductive coding involves generating a list
of codes prior to doing any fieldwork (Miles & Huberman, 1994). For this research, the
list of codes (see Table 2) was created a priori based on the learning processes proposed
by Mezirow (1991, 1997). This coding scheme was used to identify evidence of the
learning processes that students engaged in.

Students submitted written responses to four reflection prompts (see Appendix D & E)
provided for the written reflection assignment for each TLA. The first reflection prompt
asks students to identify and describe at least one thing that they learned from the activity
that is personally meaningful to them and explain why it is meaningful. The second
prompt asks students to choose and answer one of two reflection prompts: 1) Identify at
least one thing from the activity that challenged your behavior and/or thinking, values,
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beliefs, opinions, or expectations (e.g., was it something you read, hearing another
person’s perspective, reflecting about the experience) and describe how it challenged
you; or 2) Identify at least one thing from the activity that you disagree with or found
irrelevant (e.g., something you read, something a classmate said, something the instructor
said) and explain why you disagree with it or found it irrelevant. The third reflection
prompt asks students to describe how the activity made them feel and try to explain why
it made them feel that way. The final reflection prompt asks students to identify at least
one thing they would change about the activity; describe how they would change it and
explain why they would change it.

Table 2: Deductive coding scheme
Code
Evidence
EPOV (Engineering Point Of
Students’ responses reflect the dominant engineering
View)
point of view embedded in technocentric, positivist,
or reductionist habits of mind and ideological
assumptions of objectivity, depoliticization, and
technical/social dualism
NPOV (New Point Of View)

Students mention they learn something new that is
commensurable with the technocentric, positivist, or
reductionist habits of mind of the dominant
engineering point of view resulting in a new point of
view

TPOV (Transformed Point Of
View)

Students mention that they learn something new that
is based on a more tolerant or accepting
understanding of the social nature of engineering
which challenges technocentric, positivist, or
reductionist habits of mind of the dominant
engineering point of view resulting in a transformed
point of view

During coding, each response on the written reflection assignments was read and coded
individually, meaning a single written reflection assignment had multiple responses and
could potentially have received a code for each response. However, each written
reflection assignment was counted only once. The researcher through each student’s
written reflection assignment and coded applicable responses according to the deductive
coding scheme (see Table 2). Responses were coded EPOV if the researcher found a
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manifestation of the dominant engineering point of view by identifying, within the
response, a narrow focus on technocentric, positivist, or reductionist considerations.
Responses were coded NPOV if the researcher found evidence that the student had
learned something new which was commensurable with the dominant engineering point
of view. Finally, responses were coded TPOV if the researcher found evidence that the
student had learned something new based exclusively on a more tolerant or accepting
understanding of the social nature of engineering which challenged the technocentric,
positivist, or reductionist habits of mind of the dominant engineering point of view.

The professor and the researcher created Transformative Learning Activities (TLAs)
based on King’s (1998, 2008) work of developing an instrument to determine which
learning activities foster transformative learning experiences. Findings from King’s
(2000, 2004) studies indicate that learning activities incorporating discussion, journals,
and reflection were most cited by participants as influencing their transformative learning
experience. Readings, class activities, and videos were also cited by participants as
learning activities that influenced transformative learning experiences (King, 2004).
These activities create a context for promoting a transformative learning experience in
which students challenge the dominant perception of engineering having a narrow
technical focus embedded in technocentric, positivist, and reductionist habits of mind
(see Riley, 2008) and broaden their understanding of the social nature of engineering.
The technocentric and positivist habits of mind, both common in engineering, privilege
technical and scientific knowledge over other kinds of knowledge. The reductionist habit
of mind common in engineering “reduces” or breaks down problems into simpler, more
manageable components which often simplifies one’s understanding of a situation
causing them to overlook the nuanced and delicate relationships of the cohesive, more
complicated or complex whole. Underlying these habits of mind are deeply rooted
assumptions, some spoken, some unspoken. The first assumption is that objectivity
trumps subjectivity, reinforcing an ideology that engineering should be unbiased where
decision making is free from emotion. Another assumption is that engineering solutions
should be depoliticized, an ideology that “engineering can and should be disconnected
from ‘social’ and ‘political’ concerns…” (Cech, 2014, p. 48). The next assumption is
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dualism of the technical and social aspects of the engineering context, an ideology that
cognitively separates technical and social competencies often resulting in devaluing of
social competencies (see Cech, 2014; Riley, 2008).

Each TLA was presented during both lecture sections and consisted of a case study in the
form of a video, some form of group discussion, and a written reflection assignment.
Case studies were intentionally chosen from a group of studies used in developing the
compassionate design thinking framework (Seshadri et al., 2017). These cases
highlighted engineering contexts that involved unique sociocultural contexts the
engineers/designers considered in developing solutions while carefully considering their
users’ contexts. The students’ responses to the written reflection assignments (see
Appendices D & E) were used to determine which learning process (see Mezirow, 1991,
1997) was experienced by students that participated in the TLAs.

During the implementation of the first TLA, the professor, leading both lecture sections
of the course, presented a video case study about the Leveraged Freedom Chair1 to the
students. The Leveraged Freedom Chair is a wheelchair designed for use in rural areas,
particularly in countries with a still developing infrastructure which limited the
availability of such things as paved roads and sidewalks, specifically to help users
traverse rough terrain through the use of levers and gears. The wheelchair, designed
around the end-users and their specific context, empowered users to return to a more
independent lifestyle and regain financial independence and provide for their families
once again. The professor provided students with discussion questions to consider while
watching the video. After watching the video, students were instructed to form small
groups and discuss their answers to the questions as well as their initial thoughts or
reactions. Students were then provided an opportunity to share thoughts and insights
gleaned during the small group discussion with their classmates in a large group setting.
To close the TLA, students completed a written reflection about the activity before
leaving class.

1

https://www.youtube.com/watch?v=k6qTwqiHnAM
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During the implementation of second TLA, the professor again led both lecture sections
of the course and presented two video case studies to the students. The first video case
study was a TED talk by Timothy Prestero about Designing For People, Not Awards2. In
this video Prestero shares a story about his frustration with designing a medical device for
babies that won international awards and was featured on the cover of Time magazine but
was never used in a real-world setting and what he learned from the experience. After
watching this video, the professor provided the students a brief opportunity to share their
initial thoughts and insights in a large group setting. For the second video case study
about the Jaipur Foot3(an artificial limb that was designed not as a simple biomechanical
problem but a problem which involves the entire lifetime, lifestyle and culture of the
people), the professor showed two clip excerpts from a longer video to shorten its length
and to highlight parts of the video that focus on the company’s holistic approach to
serving customers and end-users whose lives have been changed by the product. After
watching the second video, students were again provided an opportunity to share their
initial thoughts and insights with their classmates in a large group setting. To close the
TLA, students completed a written reflection about the activity before leaving class.

For the implementation of the third TLA, the researcher led both lecture sections of the
course. The third TLA was embedded within a lecture to review Failure Mode Effects
Analysis (FMEA) in preparation for an upcoming exam. The researcher used the FMEA
context to introduce students to the role of emotions in design considerations. From there,
students were introduced to the People Part of Engineering Framework (Fila et al., 2014)
as a starting point to illustrate for students that others that they may work with in the
future bring personalities, experiences, knowledge, ways of thinking, etc. that are
different from their own but are no less valid. After a brief discussion of the importance
of considering who the students are as engineers and how that influences how they
approach engineering, the researcher presented the first video case study, a video case
study by Design in Society about the Round About: Play Pump4. The Play Pump design

2

https://www.youtube.com/watch?v=WpldYJ3sSIo
https://www.youtube.com/watch?v=Eard5_f_5bs (1:12-6:32) & (8:11-12:11)
4
https://www.youtube.com/watch?v=KBEttIM-K8E
3
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was intended to be a sustainable water pumping system designed to make collection and
storage of water easier in some parts of Africa. It used a spinning wheel much like a
merry-go-round that pumped water into storage tank as children played on it. After
watching the video, students were provided an opportunity to share their initial thoughts,
reactions, or insights, as well as, any possible failure modes that they observed during the
video with their classmates in a large group setting. The video case study was a Frontline
report that did a follow up with the Round About: Play Pump5 three years after its initial
rollout. After watching the second video, the researcher asked students to share how
“who they are as engineers” influenced their ability to predict or detect the failure modes
and effects of those failures that were presented in the video. To close the TLA, students
completed a written reflection about the activity before leaving class.

The students participated in three separate TLAs where they were presented video case
studies, followed by short small and large group discussion ending with a written
reflection. The information provided by the written reflection were used as data to answer
the research question by providing evidence regarding the effectiveness of the TLAs to
teach HCD.

During phase III, after all data had been gathered and coded, I conducted a constant
comparative analysis (Gall, Borg, & Gall, 1996) to identify emergent themes within the
aggregated data according to each group of the deductive coding scheme. Constant
comparative analysis is the process of generating, comparing, and revising themes and
then repeating the process until no new themes are necessary to account for the existing
data. This analysis was used to generate and confirm themes that emerged from the data.
The emergent themes were used to construct a deeper story to describe and explain how
students made meaning of the TLAs during the research.

5

http://www.pbs.org/wgbh/pages/frontline/teach/troublewaterflw/ (9:20-12:49) & (17:23-17:58)
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My Role(s) As Researcher
In addition to completing the many tasks of conducting research, an action researcher
may have to serve multiple roles as well (see Capobianco, 2011; Feldman, 1994; Gravett,
2004). What they may look like is dependent on multiple factors such as the research
context, the participants, and the researcher’s beliefs, personal goals, interests, and
experiences (Capobianco, 2002; Glesne, 1999). For this research, I engaged in my role as
researcher from three perspectives: researcher, facilitator, and critical friend.

As researcher, I not only employed my own methods for systematically and methodically
gathering and analyzing data and then communicated the findings, I also served as an
advocate for the professor and the students, by honoring their rights as humans and
keeping their well-being and best interests in mind at all times throughout the research.
As facilitator, I provided support for the professor as she became familiar with action
research while implementing changes to her teaching practice within the course. I worked
with the professor to develop and implement TL activities and assisted her as other needs
arose.

A critical friend is a person who helps other researchers to bridge the gap between theory
in the context of a professional relationship among researchers (Capobianco, 2011;
McNiff & Whitehead, 2010; Stenhouse, 1981). As critical friend, I proactively helped the
professor bridge the gap between theory and practice (Capobianco, 2011). In order to do
this within the context of my research I listened carefully, asked probing or challenging
questions, and offered critical feedback as we engaged in dialogue (Stenhouse, 1981).
Ethical Considerations
The following ethical considerations have been embedded in the design of my proposed
research: management and storage of data, recruiting participants, participant
confidentiality, and participant autonomy. In each section below I will describe the
measures I will take and the reasons for taking them.
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Management and Storage Of Data
All audio recording files, transcript files, and students’ documents were securely stored
on my personal computer with password protection and in a locker, depending on the
medium of the data, that can only be accessed by me or key research personnel. I used
Microsoft OneNote to keep my research journal so all journal entries including field
notes will be securely stored on my personal computer with password protection.
Recruiting Participants
By reviewing documents and artifacts that would normally be generated as part of the
course work regardless of the research, I did not need to recruit students to participate in
this part of the research. However, in order to allow students to remain anonymous, all of
the documents were de-identified prior to analysis.
Participant Confidentiality
I intentionally worked to maintain the anonymity of the research participants. All
transcriptions of audio recordings and students’ documents were de-identified. Names of
others not associated with the research that were mentioned during the audio recordings
were replaced with alternative identifiers such as, the other instructor, to maintain their
anonymity.
Participant Autonomy
In the context of my proposed research, perhaps the most important ethical consideration
that I kept in mind was not violating the autonomy of the participants. This concern was
influenced by Mezirow’s (1978) rebuke:
…the egregious error of adult educators is to define our function solely as one of
fostering behavior change and to act as though we believe our principal tasks are
to do needs assessment surveys, to communicate ideas and to design exercises to
develop specific knowledge, skills or attitudes for prescribed behavior change.
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Not only does this effort often become indoctrination to engineer consent, but it
frequently addresses the wrong reality to begin with. (p. 107)

Furthermore, epochal transformations are often traumatic experiences. Keeping this in
mind, my role was to collaborate with and support the professor in designing and
implementing learning activities that promote TL experiences for the students by
nurturing contexts that foster TL. Therefore, I was careful to not attempt to impose my
research agenda on the professor or coerce students into having a TL experiences. To
ensure this, measures I took to promote participant autonomy and mitigate imposing my
research agenda on the professor or coercing students include: all decisions regarding the
design, implementation, and data collection related to each TLA were made only after the
professor and I had mutually agreed to move forward; and written reflection assignments
were graded based simply on submission and not based on the content or quality of the
assignment—this decision was mutually agreed upon by the professor and myself.
Trustworthiness and Validity
To address potential issues with the ensuing findings of my proposed research, I took the
following measures to establish trustworthiness of the data. With the help of colleagues, I
employed “peer debriefing” to test out my understandings as I applied the deductive
coding scheme and identified emerging themes in each of the deductive coding scheme
groups. I also triangulated data by using meeting transcripts to corroborate my
interpretation of data. Furthermore, my expressed intentionality to help the professor to
design and implement TLAs that challenge students’ points of view and the assumptions
underlying their habits of mind, allowed me to claim catalytic validity (Lather, 1986) for
my findings. According to Lather (1986), catalytic validity is established by, in the case
of this research, analyzing data after implementing TLAs to look for evidence of learning
that results in a transformed point of view that challenges the assumptions underlying
students’ habits of mind.

In this chapter I provided the working definition of action research that I operationalized
for this study. Then I presented the research design by describing two distinct parts
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carried out simultaneously. The data gathering and analysis methods were differentiated
and presented according to these two distinct parts. I ended the chapter with discussions
of my role as the researcher, the ethical considerations I embedded in the research design
and measures I took to establish the trustworthiness and validity of my proposed study. In
the next chapter I present the findings of part I of my research which focuses on the
experiences of the professor engaged in the collaborative action research with the
researcher.
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CHAPTER 4: RESULTS

Planning Transformative Learning Activities
The professor and I met informally multiple times over the course of the research and
discussed the objectives of the course, her goals for teaching human centered design,
namely compassionate design thinking, and the purpose(s) of the research. She made
clear her intentionality to promote perspective taking, particularly considering
emotions/emotional needs, creating significant experiences that challenge thinking/beliefs
about what constitutes design considerations, deep dive into emotions (e.g., fear, dignity,
embarrassment). She also communicated her desire to help students develop as
individuals (i.e., holistic considerations beyond simply technical knowledge and skills).

In early November of 2016, we formally met to discuss the interventions that would be
integrated into the course as Transformative Learning Activities (TLAs). The discussion
took place during two meetings about a week apart. During the first meeting, we
discussed how we could effectively promote design thinking that places people at the
center of the students’ design projects. We decided that case studies in the form of video
clips would be the simplest way to: 1) effectively introduce students to the considerations
and practical application of human-centered design; and 2) at the same time create a
context for promoting a transformative learning experience in which students can
challenge the dominant perceptions of engineering having a narrow technical focus
embedded in technocentric, positivist, and reductionist habits of mind (see Riley, 2008).
This was based primarily on King’s (2004) work in which research participants cited
readings, class activities, and videos as learning activities that influenced transformative
learning experiences.

Some of the case studies discussed during the meeting included videos that highlighted
the human-centered aspects of the design of the Firefly phototherapy device, the
Leveraged Freedom Chair, and the Jaipur Foot. For example, the Leveraged Freedom
Chair case study was mentioned because it has already shown to be effective for
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illustrating objective, engineering customer requirements in the existing curriculum for
the current design course. “Right now I do the Leveraged Freedom Chair in lecture
because it helps…[students] understand what are customer needs” (Professor, November
4, 2016). The Jaipur foot case study was mentioned because the professor believed that is
was important for students to consider, “what are these human needs? What are some
things that are less tangible. … I think that would be valuable to show them how do you
think about these non-quantitative things that are still so very important” (Professor,
November 4, 2016). The Firefly phototherapy device case study was mentioned because:
After watching the video…on Design for Outcomes Not Awards,…I liked what
[Timothy Prestero] said about, ‘there’s no such thing as a dumb user, only dumb
products.’ I felt like that’s such a valuable thing to say and I think it’s so valuable
for students to hear that because…some of us engineers can be quite arrogant
about things. I felt like it’s a way to demonstrate how do you use your intelligence
to still respect people and where they’re at.… So we’ll have to show that.
(Professor, November 4, 2016)

We also considered other things for introducing students to considerations and practical
application of human-centered design and creating a context for promoting a
transformative learning experience in which students can challenge the dominant
perceptions of engineering. The first was introducing students to using personas. For
example, “They’re provided with 10 personas and a team has to choose who their
customer is” (Professor, November 4, 2016). The other thing we considered was the
possibility of an overarching design theme for the course (i.e., designing for children) that
would facilitate incorporating the TLAs. “Also looking at what you guys are doing with
designing for children I thought that maybe we could keep a similar theme in our class
for the Spring” (Professor, November 4, 2016).

However, during these discussions we came face to face with a dilemma that would
challenge us throughout the research and we were forced to consider how we would
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incorporate the TLAs into the course in light of the existing course structure and
curriculum. For example:

The tricky thing is everything is so scheduled mapped out. I need to take a couple
steps back and ask what are some things that can be removed or shortened so that
we could do more in class activities of this kind. …Or maybe it could happen in
the labs. Maybe it could happen where all the lab coordinators are told show this
video in your lab and then engage [students] in the following discussion.
(Professor, November 4, 2016)

Furthermore:
So maybe what we’ll need to do is next time we meet maybe the goal is to go
through the class schedule and see where things could fit so we could have an
idea of [whether or not] we could combine this with that… Because I want to
make sure that I’m taking into consideration how class runs rather than saying
you could do this but it doesn’t align with anything or fit in with what’s
happening. (Researcher, November 4, 2016)

Along with the discussion about how to incorporate TLAs into the course, we were
forced to consider the implications of choosing one direction to go over another. Should
TLAs be done in class? Should students do the TLAs on their own outside of class?
Should the TLAs be done during the lecture sections, lab sections, or a combination of
both?

During the second meeting, we looked at a course schedule from a previous semester and
identified opportunities for integrating TLAs into the existing course structure and
curriculum. We established early on that the Human-Centered Design (HCD) principles
should be distributed throughout the semester according to the pedagogic strategy of
deliberate, distributed practice to promote learning, introduced by Bransford et al. (2000).
Furthermore, making the students consider human-centered elements of their designs
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throughout the design process would also align with the HCD principle that people
should be considered at every stage of the process not simply at the beginning or
checking for “user-friendliness” at the end of the process (see Zoltowski et al., 2012). For
example, “One of the things I’ve been thinking about in coming up with these activities is
that I’d like to see them throughout the semester. …how can we essentially integrate
these transformative human-centered things throughout the students’ design process”
(Researcher, November 9, 2016).

However, this proved to be a challenge as we began scheduling and realized that we had
scheduled all of the TLAs for the first four weeks of the course. The beginning of the
course, or phase I, focused on problem definition, where students need to understand the
customer. It made sense that the TLAs would fit best early in the course. After iterating a
few times, we were able to distribute six TLAs across the first eleven weeks of the
course. Figure 7, below, shows the proposed lecture schedule with each of the TLAs for
the Spring 2017 semester.
As mentioned earlier, we created TLAs based on King’s (1998, 2008) work of
developing an instrument to determine which learning activities foster transformative
learning experiences. Findings from King’s (2000, 2004) studies indicate that learning
activities incorporating discussion, journals, and reflection were most cited by
participants as influencing their transformative learning experience. Readings, class
activities, and videos were also cited by participants as learning activities that influenced
transformative learning experiences (King, 2004). Therefore, we created TLAs that
focused on a specific HCD video case study and embedded a discussion and a reflection
about the HCD principles highlighted by each video within the activity. The HCD video
case studies highlighted engineering contexts that involved unique sociocultural contexts
the engineers/designers considered in developing solutions while carefully considering
their users’ contexts. These activities were designed to create a context for promoting a
transformative learning experience in which students can challenge the dominant
engineering point of view characterized by a narrow technical focus embedded in
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technocentric, positivist, and reductionist habits of mind (see Riley, 2008) and broaden
their understanding of the social nature of engineering.

Other things discussed included a list of summary principles from the videos that could
serve as a tool to help them keep things in mind while they’re designing or thinking about
concepts or during user tests; and economics and financial analyses (e.g., net present
value) that are required part of the curriculum but not necessarily human-centered.

.... -.........._
~

~

Figure 7: Initial lecture schedule

Implementing the First Transformative Learning Activity
We implemented the first TLA during phase I of the course on January 12th, the second
scheduled lecture. The first TLA consisted of a video case study about the Leveraged
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Freedom Chair, a paired discussion followed by a large group discussion, and finally a
written reflection assignment. The Leveraged Freedom Chair is a wheelchair designed for
use in rural areas, particularly in countries with a still developing infrastructure which
limited the availability of such things as paved roads and sidewalks, specifically to help
users traverse rough terrain through the use of levers and gears. The wheelchair, designed
around the end-users and their specific context, empowered users to return to a more
independent lifestyle and regain financial independence and provide for their families
once again. Prior to presenting the video, the professor provided students with discussion
questions to consider while watching the video. After watching the video, students were
instructed to form small groups and discuss their answers to the questions as well as their
initial thoughts or reactions. Students were then provided an opportunity to share
thoughts and insights gleaned during the small group discussion with their classmates in a
large group setting. To close the TLA, students completed a written reflection assignment
about the activity (see appendix D) before leaving class.

Students submitted written responses to four reflection prompts provided by the written
reflection assignment for this TLA. The first reflection prompt asks students to identify
and describe at least one thing that they learned from the activity that is personally
meaningful to them and explain why it is meaningful. The second prompt asks students to
choose and answer one of two reflection prompts: 1) Identify at least one thing from the
activity that challenged your behavior and/or thinking, values, beliefs, opinions, or
expectations (e.g., was it something you read, hearing another person’s perspective,
reflecting about the experience) and describe how it challenged you; or 2) Identify at least
one thing from the activity that you disagree with or found irrelevant (e.g., something you
read, something a classmate said, something the instructor said) and explain why you
disagree with it or found it irrelevant. The third reflection prompt asks students to
describe how the activity made them feel and try to explain why it made them feel that
way. The final reflection prompt asks students to identify at least one thing they would
change about the activity; describe how they would change it and explain why they
would change it.
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303 students submitted a written reflection assignment. I read through each student’s
written reflection assignment and coded applicable responses according to the deductive
coding scheme (see Table 3) developed a priori based on the processes of learning
proposed by Mezirow (1991, 1997). In other words, as I read each students’ responses, I
looked specifically for: 1) a manifestation of the dominant engineering point of view by
identifying, within the response, a narrow focus on technocentric, positivist, or
reductionist considerations; 2) evidence that the student had learned something new
which is commensurable with the dominant engineering point of view; or 3) evidence
that the student had learned something new based exclusively on a more tolerant or
accepting understanding of the social nature of engineering which challenges the
technocentric, positivist, or reductionist habits of mind of the dominant engineering point
of view.
Table 3 presents the number of students’ written reflection assignment that received a
code according to each of the categories of the deductive coding scheme. During coding,
each response on the written reflection assignments was read and coded individually,
meaning a single written reflection assignment had multiple responses and could
potentially have received a code for each response. However, each written reflection
assignment was counted only once.

According to Table 3, 21 students submitted written reflection assignments with at least
one response that was coded EPOV. Seventy-six students submitted written reflection
assignments with at least one response that was coded NPOV. One hundred three
students submitted written reflection assignments with at least one response that was
coded TPOV. Seven students submitted written reflection assignments with at least one
response that was coded EPOV and at least one response that was coded NPOV. Seven
students submitted written reflection assignments with at least one response that was
coded EPOV and at least one response that was coded TPOV. Forty-nine students
submitted written reflection assignments with at least one response that was coded NPOV
and at least one response that was coded TPOV. Forty students submitted written
reflection assignments that received no codes at all.
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Table 3: Coding results of students’ reflections for Leveraged Freedom Chair (TLA 1)
Criteria
Total
Student’s submission has at least one response that reflected the dominant
21
engineering point of view embedded in technocentric, positivist, or
reductionist habits of mind and ideological assumptions of objectivity,
depoliticization, and technical/social dualism (EPOV)
Student’s submission has at least one response that mentioned they
learned something new that is commensurable with the technocentric,
positivist, or reductionist habits of mind of the dominant engineering
point of view resulting in a new point of view (NPOV)
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Student’s submission has at least one response that mentioned they
learned something new that is based on a more tolerant or accepting
understanding of the social nature of engineering which challenges
technocentric, positivist, or reductionist habits of mind of the dominant
engineering point of view resulting in a transformed point of view
(TPOV)
Student’s submission has at least one response that reflected the dominant
engineering point of view embedded in technocentric, positivist, or
reductionist habits of mind and at least one response that mentioned they
learned something new that is commensurable with the technocentric,
positivist, or reductionist habits of mind of the dominant engineering
point of view resulting in a new point of view (EPOV & NPOV)

103

Student’s submission has at least one response that reflected the dominant
engineering point of view embedded in technocentric, positivist, or
reductionist habits of mind and at least one response that mentioned they
learned something new that is based on a more tolerant or accepting
understanding of the social nature of engineering which challenges
technocentric, positivist, or reductionist habits of mind of the dominant
engineering point of view resulting in a transformed point of view (EPOV
& TPOV)

7

Student’s submission has at least one response that mentioned they
learned something new that is commensurable with the technocentric,
positivist, or reductionist habits of mind of the dominant engineering
point of view resulting in a new point of view and at least one response
that mentioned they learned something new that is based on a more
tolerant or accepting understanding of the social nature of engineering
which challenges technocentric, positivist, or reductionist habits of mind
of the dominant engineering point of view resulting in a transformed point
of view (NPOV & TPOV)

49

Student’s submission has no responses that received a code

40

7

303
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Responses were coded EPOV if I identified, within the response, a narrow focus on
technocentric, positivist, or reductionist considerations which I interpreted as a
manifestation of the dominant engineering point of view. The example below illustrates
how a student applied a technical/analytical point of view embedded in a reductionist
engineering habit of mind to make meaning of a TLA. In this instance the student,
without any additional knowledge about the problem that his/her design team will solve,
anticipated that using a reductionist approach that is effective for working problem sets—
that is, simplifying the problem by “splitting the process up” and then “methodically”
working through the problem in a linear fashion—will also yield desired results in a
design context.

This activity made me feel confident. This is because at first a project like this can
be intimidating but after splitting the process up and addressing each individual
part of the situation, I can work through the problem methodically with
confidence.

Responses were coded NPOV if evidence was present that the student created new points
of view (commensurable with technocentric, positivist, or reductionist habits of mind) for
looking at or solving a problem and mentioned that they had learned or realized
something new to make meaning of the TLA. The following example illustrates how a
student created a new meaning scheme (i.e., point of view) within a technocentric habit
of mind to make meaning of a TLA. In this case the student, focusing on the technology
that is available to develop a design solution, realized that using simple technology is a
viable option.

I learned that sometimes there are simple solutions to problems and the
technology used to develop revolutionary products can be simple

Finally, responses were coded TPOV if evidence was present that the student transformed
their point of view based on a more tolerant or accepting understanding of the social
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nature of engineering and mentioned that they had learned or realized something new to
make meaning of the TLA. This next example illustrates how a student transformed their
point of view by adopting human-centered design thinking to make meaning of a TLA.
Here, the student looks beyond technical considerations after realizing that her/his design
process needs to accommodate learning about end-users and understanding their point of
view.

I learned to think about the customers and how to make the products more
appealing. Most of the time till now I was just told to design a project and I would
just design it. But this time I had to think about the customers and the appeal of
the product.

Many responses in the written reflection assignments received no code. Some received no
code because the response was illegible while others received no code because the
student simply summarized the video case study. Still other responses received no code
because the deductive coding scheme was not applicable to the response for various
reasons. For example, the deductive coding scheme was not applicable to the following
response because, although the student is using an existing point of view to make
meaning of the TLA, the existing point of view is not directly associated with the
dominant engineering point of view embedded in technocentric, positivist, or reductionist
habits of mind and their underlying assumptions.

The guy in the video kept saying he was from MIT and I started to feel that he
didn’t think someone else could do it. Everyone has great ideas. It just takes the
right time and effort to make them real.
The following example which may, perhaps, reveal insight about the student’s dualistic
attitude toward making profit and helping people is another response that received no
code: “I found that the MIT guy that made the wheelchairs throwing in that there was an
upgraded version for wealthy people was irrelevant and took away a little bit from his
mission to help people.” This final example reveals that the student applied an existing
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point of view that was already based on an understanding that is more tolerant and
accepting of the social nature of engineering and therefore the deductive coding scheme
was not applicable.

I was confused by the initial lack of user testing for the wheelchair. Obviously,
that was changed later on, and there was extensive use by users. However, I found
it strange that the wheel chair didn’t go straight to wheel chair users.

The following week, the professor and I met to debrief about the activity. During the
debrief we decided to modify two of the reflection prompts based on observations that the
professor and I made during the TLA and feedback we received from the students. One of
the prompts modified was the second reflection prompt: “Choose one: 1) Identify at least
one thing from the activity that challenged your behavior and/or thinking, values, beliefs,
opinions, or expectations (e.g., was it something you read, hearing another person’s
perspective, reflecting about the experience) and describe how it challenged you; or, 2)
Identify at least one thing from the activity that you disagree with or found irrelevant
(e.g., something you read, something a classmate said, something the instructor said) and
explain why you disagree with it or found it irrelevant.” After discussing responses to
each of the reflection prompts, the professor considered ways that she could help clarify
the reflection prompts for students.

Professor:

…what are some additional considerations that engineers,

designers have the ability to address? Or something, maybe it’s same question
what are some things or approaches that they discussed in the video that
challenges their thinking as an engineer or inspires new types of thinking. Maybe
that’s the way I’ll say it, ‘challenges their thinking or inspires new types of
thinking.’ …

Researcher:

Okay I really like that. Maybe here on this can be ‘challenges your

thinking and then this one can be changed to inspires new thinking.’
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Professor:

…actually I saw someone write they’d agreed. So I think there was

with it being written identify one thing that you disagree with or found irrelevant
explain why you disagree with it. But I remember reading someone say, well I
actually agreed with the video. (January 18, 2017)
The reflection prompt was modified to read: “Identify at least one thing from the activity
that inspires new thinking (e.g., something you read, something a classmate said,
something the instructor said) and explain why it inspires you.”
The next prompt that was modified was the third reflection prompt: “Describe how the
activity made you feel and try to explain why it made you feel that way.” In response to
this reflection prompt, a student responded, “I don’t think it’s necessary to make people
talk about write about their feelings in a forced manner.” We realized that we need to be
more specific about why the reflection prompts are relevant to the activity.
…you may not even be aware that your emotions are involved in decision-making
but it is. If I could find a good story of engineers or people in the field and the link
between the ability to be introspective and being good decision-makers and
thinking then sometimes that’s how the value, students can appreciate what’s
happening so it doesn’t feel like, especially for that one voice who felt
comfortable writing it down maybe there were others that felt it but didn’t write it
so that there’s some relevance cause I think a lot of time students they either want
a grade for something or they want to know why it’s important. (Professor,
January 18, 2017)
The reflection prompt was modified to read: “Identify one emotion that was triggered
during class and describe how this feeling may affect your decision-making process in a
design context.”
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Implementing the Second Transformative Learning Activity
We implemented the second TLA during phase I of the course on the sixth scheduled
lecture January 26th. The second TLA consisted of two video case studies about the
Firefly phototherapy device and the Jaipur Foot, respectively, opportunity for discussion,
and finally a written reflection assignment. The professor began the class by sharing the
first video case study about the Firefly phototherapy device. The Firefly phototherapy
device was designed to provide an inexpensive and effective treatment for newborn
children with jaundice in southeast Asia. The Firefly was designed around the specific
context associated with the device taking into consideration each of the local stakeholders
(e.g., distributers, manufacturers, hospital administration, parents of newborns with
jaundice). The designer juxtaposed the design of the Firefly with another device he
designed that won international awards and was featured on the cover of Time magazine
but was never used in a real-world setting. After watching this video, the professor
provided the students a brief opportunity to share their initial thoughts and insights in a
large group setting. After the brief large group discussion, the professor shared the
second video case study about the Jaipur Foot. The Jaipur Foot is an artificial limb that
was designed not as a simple biomechanical problem but a problem which involves the
entire lifetime, lifestyle and culture of the people. The professor showed two clip excerpts
from a longer video to shorten its length and to highlight parts of the video that focus on
the company’s holistic approach to serving customers and end-users whose lives have
been changed by the product. Similar to the Leveraged Freedom Chair, the Jaipur Foot
empowered users to return to a more independent lifestyle and regain financial
independence and provide for their families once again. After watching the second video,
students were again provided an opportunity to share their initial thoughts and insights
with their classmates. To close the TLA, students completed a written reflection about the
activity before leaving class.

This TLA was slightly different from the first TLA. For instance, this TLA consisted of
two video case studies. In addition, prior to presenting the video, the professor did not
provide students with discussion questions to consider while watching the video. After
watching the first video during the earlier lecture, students shared their initial thoughts
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and insights in a large group setting and then were instructed to form small groups to
discuss more deeply. However, after watching the second video, students shared their
initial thoughts and insights in a large group setting, only, to make more time for students
to complete a written reflection activity. During the later lecture, students shared their
initial thoughts and insights in a large group setting after watching both videos; small
group discussions were removed the activity. To close the TLA, students completed a
slightly modified written reflection assignment about the activity (see appendix E) before
leaving class.

Three hundred students submitted a written reflection assignment. As for the first TLA, I
read through each student’s written reflection assignment and coded applicable responses
according to the deductive coding scheme (see Table 3). Again, each response on the
written reflection assignments was read and coded individually, meaning a single written
reflection assignment had multiple responses and could potentially have received a code
for each response, and each written reflection assignment was counted only once.
Likewise, responses were coded EPOV if I identified, within the response, a narrow focus
on technocentric, positivist, or reductionist considerations which I interpreted as a
manifestation of the dominant engineering point of view. Responses were coded NPOV if
evidence was present that the student created new points of view (commensurable with
shaped by technocentric, positivist, or reductionist habits of mind) for looking at or
solving a problem and mentioned that they had learned or realized something new to
make meaning of the TLA. And, finally, responses were coded TPOV if evidence was
present that the student transformed their point of view based on a more tolerant or
accepting understanding of the social nature of engineering and mentioned that they had
learned or realized something new to make meaning of the TLA.
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Table 4: Coding results of students’ reflections for Firefly phototherapy device and
Jaipur Foot (TLA 2)
Criteria
Total
Student’s submission has at least one response that was coded EPOV
12
Student’s submission has at least one response that was coded NPOV

13

Student’s submission has at least one response that was coded TPOV

214

Student’s submission has at least one response that was coded EPOV and
at least one response that was coded NPOV

0

Student’s submission has at least one response that was coded EPOV and
at least one response that was coded TPOV

6

Student’s submission has at least one response that was coded NPOV and
at least one response that was coded TPOV

4

Student’s submission has no responses that received a code

51
300

Table 4 presents the number of students’ written reflection assignments that received a
code according to each of the categories of the deductive coding scheme. According to
Table 4, 12 students submitted written reflection assignments with at least one response
that was coded EPOV. Thirteen students submitted written reflection assignments with at
least one response that was coded NPOV. 214 students submitted written reflection
assignments with at least one response that was coded TPOV. Zero students submitted
written reflection assignments with at least one response that was coded EPOV and at
least one response that was coded NPOV. Six students submitted written reflection
assignments with at least one response that was coded EPOV and at least one response
that was coded TPOV. Four students submitted written reflection assignments with at
least one response that was coded NPOV and at least one response that was coded TPOV.
51 students submitted written reflection assignments that received no codes at all.

Below are examples of responses that were coded for the second TLA. This example is a
response that was coded EPOV because the narrow focus on technocentric considerations
reflects the dominant engineering point of view.

I would choose videos that are a bit more informative as to how a product actually
works and the engineering behind that product. It is good to learn about the design
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and marketing of a product, but I feel that we should learn more about how the
product works by watching other engineering videos.

The following example is a response coded NPOV because the student identified
something they learned which is also commensurable with technocentric, positivist, and
reductionist habits of mind.

Sometimes you have to sacrifice design elements to get a product in circulation
faster.

This next example was coded TPOV because the response reflects a point of view that is
more accepting/tolerant of the social nature of engineering and challenges the
technocentric, positivist, and reductionist habits of mind of the dominant engineering
point of view.

Prestero explained how he learned how to accept that he couldn't design what he
wanted to build, he had to design how the user/manufacturer/problem demanded.
I think this hit home because it was emblematic of how I want to be treated as a
customer but I hadn't translated that attitude and to design.

The professor provided evidence to corroborate that students transformed their points of
view based on an understanding that is more tolerant and accepting of the social nature of
engineering. “You know, it was just like, ‘the students already get it with [humancentered design]’ ... I felt, at least based on the types of comments that I heard in that
short time, was like, ‘They get it’” (Professor, Interview 2). Furthermore,

There was a lot of good comments from both [lectures]. I think the second
[lecture], there was a lot more, maybe because they're usually more awake than
the [earlier lecture]. I felt like some of the comments that were shared were really
profound and it was nice to hear students actually say things like, “Yeah, it makes
you really think about why we design and thinking about being compassionate.”
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The video used the word compassionate, so the student acknowledged that word.
Then, after class, some students came up to me to talk more about it-[crosstalk
00:00:51] and say, “Thanks for showing that.” It was really interesting to see that
kind of reaction because I don't think I've ever had students come up after class
and say, “Thanks for that lecture.” (Professor, February 3, 2017)

Just like the first TLA, many responses in the written reflection assignments received no
code for similar reasons (e.g., response was illegible, student simply summarized the
video case study). Of the responses that received no code because the deductive coding
scheme was not applicable to the response, what was different from the first TLA is that
many students provided responses that shared about having a relative with a disability or
growing up in a developing country but they did not connect these experiences back to
create a new or transformed point of view with respect to the dominant engineering point
of view. For example, “I’ve had family members who’ve lost mobility and had to go
through a lot of physical therapy, so the Jaipur Foot was very meaningful to me.”
Implementing the Third Transformative Learning Activity
Prior to implementing the third TLA, the professor conducted a survey with students to
gather feedback about the course up to that point and to give them a voice to influence
what happens during the lecture.

I look forward to doing this feedback tomorrow because it will help me see, well,
what's going on, and comments just to provide feedback. Usually, when students
feel like their concerns are valued and then there's response to it, then I think it
really enhances their experience in the classroom.… Just give everyone an
opportunity to change or whatever the need is. Just see what I could do to fix
something. (Professor, February 15, 2017)

As result of the student feedback the professor made changes to the course attendance
policy as well as how students were expected to take notes. Previously, students were
required to attend every lecture as well as their lab sections. Afterward, students were
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given freedom to attend lectures at their discretion but they were still required to attend
each of their lab sections. This resulted in a nearly 40% decrease in written reflection
assignments submitted for the third TLA; only 188 students submitted a written reflection
assignment.

We implemented the third TLA during phase III on the 20th scheduled lecture on March
30th. The Third TLA consisted of a discussion of FMEA including non-quantitative
considerations (i.e., emotions), an overview of the Humanistic Framework (Fila et al.,
2014; Hynes & Swenson, 2013), two separate video case studies about the Roundabout
Play Pump, opportunity for discussion, and finally a written reflection assignment.

For the implementation of the third TLA, the researcher led both lecture sections of the
course. The third TLA was embedded within a lecture to review Failure Mode Effects
Analysis (FMEA) in preparation for an upcoming exam. The researcher used the FMEA
context to introduce students to the role of emotions in design considerations. From there,
students were introduced to the People Part of Engineering Framework (Fila et al., 2014)
as a starting point to illustrate for students that others that they may work with in the
future bring personalities, experiences, knowledge, ways of thinking, etc. that are
different from their own but are no less valid. After a brief discussion of the importance
of considering who the students are as engineers and how that influences how they
approach engineering, the researcher presented the first video case study about the
Roundabout Play Pump. The pump was designed to be a sustainable water pumping
system designed to make collection and storage of water easier in some parts of Africa. It
used a horizontally-spinning wheel much like a merry-go-round that pumped water into
storage tank as children played on it. After watching the video, students were provided an
opportunity to share their initial thoughts, reactions, or insights, as well as, any possible
failure modes that they observed during the video with their classmates in a large group
setting. The video case study was a Frontline report that did a follow up with the
Roundabout Play Pump three years after its initial rollout. After watching the second
video, the researcher asked students to share how “who they are as engineers” influenced
their ability to predict or detect the failure modes and effects of those failures that were
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presented in the second video. To close the TLA, students completed a written reflection
about the activity before leaving class.
Table 5: Coding results of students’ reflections for Roundabout Play Pump (TLA 3)
Criteria
Total
Student’s submission has at least one response that was coded EPOV
2
Student’s submission has at least one response that was coded NPOV

10

Student’s submission has at least one response that was coded TPOV

122

Student’s submission has at least one response that was coded EPOV and
at least one response that was coded NPOV

0

Student’s submission has at least one response that was coded EPOV and
at least one response that was coded TPOV

0

Student’s submission has at least one response that was coded NPOV and
at least one response that was coded TPOV

1

Student’s submission has no responses that received a code

53
188

Coding was completed in the same way that is was done for the first and second TLAs.
Table 5 presents the number of students’ written reflection assignment that received a
code according to each of the categories of the deductive coding scheme. According to
the able, 2 students submitted written reflection assignments with at least one response
that was coded EPOV. Ten students submitted written reflection assignments with at least
one response that was coded NPOV. 122 students submitted written reflection
assignments with at least one response that was coded TPOV. Zero students submitted
written reflection assignments with at least one response that was coded EPOV and at
least one response that was coded NPOV. Zero students submitted written reflection
assignments with at least one response that was coded EPOV and at least one response
that was coded TPOV. One student submitted written reflection assignments with at least
one response that was coded NPOV and at least one response that was coded TPOV. 53
students submitted written reflection assignments that received no codes at all.
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Below are examples of responses that were coded for the third TLA. This example is a
response that was coded EPOV because the narrow focus on technocentric considerations
reflects the dominant engineering point of view.

How to calculate tolerance. It is an important skill in engineering design and
manufacturing.

The following example is a response coded NPOV because the student identified
something they learned which is also commensurable with technocentric, positivist, and
reductionist habits of mind.

Sometimes you have to sacrifice design elements to get a product in circulation
faster.

This next example was coded TPOV because the response reflects a point of view that is
accepting/tolerant of the social nature of engineering and challenges the technocentric,
positivist, and reductionist habits of mind of the dominant engineering point of view.

As engineers we are always taught to think in a technical manner for "end-users".
I found it really meaningful to learn what it means to design for people who are
varied and diverse.

Similar to the first and second TLAs, many responses in the written reflection
assignments received no code for the same reasons (e.g., response was illegible, student
simply summarized the video case study, deductive coding scheme was not applicable to
the response). However, I found it interesting that just over one-third of these students
provided responses that shared their experience in the overall course as a whole or that
shared about guest lectures that were not associated with TLAs. For example:
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Although it is a lot of work, going through the process of team formation and
function is a great learning experience. This experience is by far the most valuable
aspect of the class.

And,

The [Guest] lecture and the Springer lecture were very interesting because they
both had to do with aspects of my life beyond graduation I haven’t really
considered.
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CHAPTER 5: DISCUSSION

This research set out to answer the question, “What does it look like to engage in
collaborative action research with a mechanical engineering professor to teach HumanCentered Design (HCD) using transformative learning pedagogies?” To answer this
question, I will first discuss what the data reveals about the impact of using
transformative learning pedagogies. I will look at the data sets individually and discuss
how they relate to each other and what that might mean. Then I will look at the
aggregated data and discuss what the data reveals as a whole.
Transformative Learning Pedagogies
Our goal for conducting this collaborative action research was to: 1) effectively introduce
students to the considerations and practical application of HCD; and 2) effectively
promote design thinking that places people at the center of students’ design processes as
they engage in HCD projects. Such thinking necessitates that students be open to, or at
least tolerant of, the social nature of engineering. We decided that the best way to do this
was to employ transformative learning pedagogies to create a context for promoting a
transformative learning experience by exposing students to something that challenges the
technocentric, positivist, and reductionist habits of mind (see Riley, 2008) and ideologies
of objectivity, depoliticization, and technical/social dualism (see Cech, 2014) of the
dominant engineering point of view.
The table (see Table 7) below presents the coding results of students’ reflections for each
TLA. As a result of the first TLA, 34% of the students that engaged in the activity wrote
at least one response that mentioned they learned or realized something new that is
characteristic of a more tolerant or accepting understanding of the social nature of
engineering. For the second TLA, over 70% of students mentioned in their reflection
assignment that they had learned or realized something new associated with a more open
or tolerant understanding of the social nature of engineering. For the final TLA, nearly
65% of students mentioned that they had learned or realized something new associated
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with a more open or tolerant understanding of the social nature of engineering. This may
indicate that TLAs which expose students to things that challenge the dominant
engineering point of view, can promote thinking that places people or considerations
related to people at the center of students’ design processes.

Table 6: Percentages of each code across all TLAs
Criteria
TLA 1
TLA 2
(%)
(%)
Student’s submission has at least one response
6.9
4.0
that was coded EPOV

TLA 3
(%)
1.1

Student’s submission has at least one response
that was coded NPOV

25.1

4.3

5.3

Student’s submission has at least one response
that was coded TPOV

34.0

71.3

64.9

Student’s submission has at least one response
that was coded EPOV and at least one
response that was coded NPOV

2.3

0.0

0.0

Student’s submission has at least one response
that was coded EPOV and at least one
response that was coded TPOV

2.3

2.0

0.0

Student’s submission has at least one response
that was coded NPOV and at least one
response that was coded TPOV

16.2

1.3

0.5

Student’s submission has no responses that
received a code

13.2

17.0

28.2

According to the data, it appears that student submissions with at least one response that
reflected the dominant engineering point of view (i.e., coded EPOV) decreased with each
subsequent TLA. Although the percentage of student submissions with at least one
response coded EPOV was low to begin, exposing students to things that challenge the
dominant engineering point of view the TLAs may have number of responses that
reflected the dominant engineering point of view were noticeably fewer.

Although the percentage of student submissions with at least one response that mentioned
they learned something new based on a more tolerant or accepting understanding of the
social nature of engineering (i.e., coded TPOV) decreased from TLA 2 to TLA 3, the
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student submissions with at least one response coded EPOV also decreased and the
submissions with at least one response coded NPOV increased only slightly. There was,
however, an increase in the student submissions with responses that received no code at
all. It is possible that the change in attendance policy prior to the implementation of TLA
3 may have some influence on the outcome but that is only speculation. Nonetheless,
student submissions with at least one response coded TPOV were still the overwhelming
majority for TLA 3.

Code
EPOV (The
Engineering Point
Of View)

Table 7: Aggregated counts for deductive codes
Evidence
Student’s submission has at least one response that
reflected the dominant engineering point of view
embedded in technocentric, positivist, or
reductionist habits of mind

Total
55

NPOV (New Point
Of View)

Student’s submission has at least one response that
mentioned they learned something new that is
commensurable with the technocentric, positivist,
or reductionist habits of mind of the dominant
engineering point of view resulting in a new point
of view

156

TPOV
(Transformed Point
Of View)

Student’s submission has at least one response that
mentioned they learned something new that is
based on a more tolerant or accepting
understanding of the social nature of engineering
which challenges technocentric, positivist, or
reductionist habits of mind of the dominant
engineering point of view resulting in a
transformed point of view

506

The fact that there were considerably fewer student submissions with at least one
response coded EPOV (i.e., 55, see Table 8) may indicate that the TLAs did indeed
challenge students to be open to new points of view even if embedded in the
technocentric, positivist, and reductionist habits of mind and the ideologies of objectivity,
depoliticization, and technical/social dualism of the dominant engineering point of view.

Over the course of the semester, student submissions with at least one response coded
TPOV (i.e., 506, see Table 8) was by far the majority. This could suggest that the TLAs
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had the intended effect for which they were designed. If students did not develop a more
open or tolerant understanding of the social nature of engineering, at the very least, they
became more aware of it.

Before continuing I would like to clarify that I am not making value judgments regarding
the learning processes identified by Mezirow (1991, 1997). Each learning process serves
a particular purpose and each is necessary for leaning. However, with respect to
transformative learning, the learning processes are situated on a spectrum with the
purpose of this study to employ pedagogies that help students move along the spectrum
toward transformation. Within the context of this study, the learning processes were used
as a lens to help understand how students are learning when transformative learning
pedagogies are used to teach HCD to mechanical engineering students. Understanding
how students are learning with the help of transformative learning pedagogies helps to
answer the question, “What does it look like to engage in collaborative action research
with a mechanical engineering professor to teach Human-Centered Design (HCD) using
transformative learning pedagogies?”
Emergent Themes
To explore the research question more deeply, I conducted a thematic analysis of the
aggregated, coded data using the learning processes to see how students made meaning of
the TLAs. After deductive coding, I aggregated the data and grouped student responses
according to their respective codes and began another round of analysis to identify
emergent themes within these groups. As similarities emerged I grouped those responses
into what would later become themes. Themes were generated and confirmed by the data
using constant comparative analysis; in other words, the process of generating,
comparing, and revising themes was repeated until no new themes were necessary to
account for the existing data (Gall et al., 1996). This two-part process of analysis allowed
for empirical verification of the types of learning proposed by Mezirow (1991, 1997) as
well as allowing the data to speak for itself. Table 9, below, provides an overview of the
multiple themes that emerged within each of the learning categories.
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Table 8: Overview of all themes by learning category
Maintaining the
Creating a
Transforming
Engineering Point of
New Point of View
Points of View
View (EPOV)
(NPOV)
(TPOV)
•
•

Stressing process
Exalting engineering
knowledge
• Dismissing nontechnical
considerations
• Objectifying
• Exalting math and
science

•
•
•

•
•

Embrace simplicity
Iteration and failure
are unavoidable
Opportunities for
innovation can be
found where you
least expect it
Analyze as much as
possible
Be Tenacious

•
•
•
•

Consider the enduser
Involve the end-user
Consider other
stakeholders
Consider
broader/holistic
contexts and impacts

The Engineering Point Of View
Of the responses coded as EPOV, five themes emerged from the data: stressing process;
exalting engineering knowledge; dismissing non-technical considerations; objectifying;
and exalting math and science (see Table 9). Underlying all of the themes is that students’
responses reflected the dominant engineering point of view embedded in technocentric,
positivist, or reductionist habits of mind and yet mentioned nothing about learning or
realizing something new. They simply maintained the engineering point of view,
applying it to a new context. I want to be clear, applying what one already knows is an
essential part of learning and is very useful for assessing one’s learning. However, in new
and unfamiliar contexts, especially if situated in a wicked problem, simple application of
what one already knows without learning from and adapting to the new context is
inadequate (Rittel & Webber, 1984). This is important for engineering educators to
consider since they are expected to develop students that are able to grow and adapt to
increasing complexity and perpetually changing circumstances of the modern world
(Lattuca et al., 2006; National Academy of Engineering, 2004). Students that maintain an
existing point of view in a new context may not be as open to new perspectives and may
miss opportunities to learn from their experiences. Furthermore, the ability to learn while
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designing is a key dimension of informed design and is critical for beginning designers to
become informed designers (Crismond & Adams, 2012).

These themes illustrate how students maintained the dominant engineering point of view.
Furthermore, they shed light on students’ understandings of engineering based on the
dominant engineering point of view embedded technocentric, positivist, and reductionist
habits of mind (see Riley, 2008), ideologies of objectivity, depoliticization, and
technical/social dualism (see Cech, 2014) and reinforced by an engineering curriculum
that is primarily focused on mathematics, science, and engineering sciences (see
Sheppard et al., 2009).
Stressing Process
While reading through the responses it became clear that a predisposition toward
technical and scientific knowledge influenced the way these students made meaning of
the TLAs. They used this existing point of view to critique the TLAs by pointing out that
the engineering design process was not given precedence in the TLAs. These responses
reveal students’ technocentric and positivist habits of mind that privilege technical/
scientific knowledge, the engineering design process in this instance, over other kinds of
knowledge.

I think the Jaipur foot video should have focused more on the engineering aspects
of the foot so we could have learned more about the factors that influence the
design process of the limbs.

I became very curious while the second video briefly described their ability to
make cheaper products. What is the process? What expensive step was removed
or changed?
Exalting Engineering Knowledge
Another theme that emerged while reading through the responses for this learning process
was the idea that engineers know best. Students providing these responses were
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challenged by different perspectives but held to their existing points of view, using them
as justification for their thinking, to make meaning of the TLAs. These responses reveal
students’ predisposition toward objective information (e.g., higher mechanical advantage)
over possibly inaccurate or incomplete information.

The idea that customers will say what they want. Often the customers suffer from
issues of not being able to accurately convey their requirements

Even though it takes upper body strength, it still has a higher mechanical
advantage than a normal wheelchair.
Dismissing Non-Technical Considerations
Several students made meaning of the TLAs by simply dismissing them as irrelevant. By
maintaining their existing points of view that privilege technical/scientific knowledge
over other kinds of knowledge, they were unable to reconcile non-technical
considerations that were emphasized during the TLAs. These responses, again, reveal
students’ predisposition toward technical/scientific knowledge as well as a predisposition
toward technical competency over social competency.

I would make it less of a discussion. I feel as though the things said weren't
relevant to the course.

I think the second video was weaker than the first and lacked the technical aspects
that I look for in my education.
Objectifying
Multiple students made meaning of the TLAs by offering their thoughts on how the
products presented in the case studies could be improved. Using an existing point of view
that emphasizes technical and analytical thinking, they conducted a preliminary technical
analysis and pointed out flaws that they found in the product. These responses reveal
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students’ predisposition toward technical concerns and their neglect of the social
concerns associated with TLAs.

In my opinion, the front wheel is somehow irrelevant. It did not help with
crossing varied terrain. They could make it shorter to make the general size
smaller

I don't expect the wheelchair to make much of a difference with the same tires.
Thicker tires would make more of a difference
Exalting Math and Science
A few students made meaning of the TLAs based on how the TLAs aligned with their
existing point of view of an engineering curriculum that is primarily focused on
mathematics, science, and engineering sciences. These responses reveal the priority that
students place on technical/scientific knowledge and competency.

That there are many inventions that have not been discovered yet. This
meaningful since it proves there is a purpose for science.

I would've liked to have seen some of the math put into the wheelchair.
New Points of View
Of the responses coded as NPOV, six themes emerged from the data: embrace simplicity;
iteration and failure are necessary; opportunities to innovate can be found where you least
expect it; analyze as much as possible; and be tenacious (see Table 9). Although the
students did not mention that they learned or realized something new which challenges
the dominant engineering point of view, the result was students enriching the technical
engineering knowledge and skills which are still a necessary part of being an engineer. In
particular, students’ new points of view suggest that they are now thinking in ways that
promote the process of developing from a novice designer into an informed designer. For
instance, a student wrote: “There is a lot more work and research that goes into product
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design and development then I thought.” This response suggests that the student may be
more likely to approach design by conducting research to explore, comprehend, and
frame a design problem better, as opposed to treating design as a well-defined,
straightforward problem (see Crismond & Adams, 2012). Also, another student wrote, “I
learned that you need many iterations to perfect the product. Repetition and mistakes are
needed as an engineer”. This response suggests that the student may be more likely to
approach design in such a way that strategies are used multiple times and ideas are
improved iteratively via feedback, as opposed to doing design in a way that follows a
linear process much like a recipe or where little learning happens (see Crismond &
Adams, 2012).
These themes reveal students’ new points of view that are commensurable with the
dominant engineering point of view embedded in technocentric, positivist, and
reductionist habits of mind (see Riley, 2008). In other words, students maintained the
dominant engineering point of view by creating new points of view that are
commensurable with the dominant view. These themes also provide insight into what
provoked students to create these new points of view.
Embrace Simplicity
These students realized that simplifying the technical aspects of a product/design, rather
than making them more complicated, can produce a desired outcome. They made
meaning of the TLAs by focusing on the final design/product presented in the case
studies, in particular its simplicity, to create a new point of view that was commensurable
with a technocentric habit of mind. In this instance, students maintained their existing
point of view that engineering is product/design focused.

One thing that challenge my expectations was how simple the final design was. I
was expecting a design that would be much more complicated than it was.

Reflecting on the activity challenged my mindset that revolutionary innovations
must always be on the cutting edge of science and technology, by demonstrating
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that even a simple mechanical concept implemented in the right way can have that
desired outcome.
Iteration and Failure Are Unavoidable
To make meaning of the TLAs, these students created a new point of view in response to
the realization that the process driving engineering design is not linear and that simply
following the process itself does not guarantee a desired outcome. In this instance,
students realized that the process driving design is not linear for many reasons yet they
maintained their existing point of view that engineering is process driven.

Design is a very iterative process, I like to think I could work out the problems
before testing the prototype, but that is not realistic.

I learned that you need many iterations to perfect the product. Repetition and
mistakes are needed as an engineer
Opportunities for Innovation Can Be Found Where You Least Expect It
These students created new points of view about innovation such as where innovation
happens in the design process and what inspires innovation. In this case, students realized
that opportunities to innovate could be found in design constraints and market gaps.

Innovation comes from constraints. Often I feel limited by the resources at my
disposal to get a task done, but this taught me that I need to find ways to thrive
rather than be discouraged.

Honestly, making strict limitations on what your design entails doesn't seem like
it would push innovation up at first, but when you think about it: given the
resources you have and the limitations in place, you learn to work with all the
resources you have. So it forces you to think much more out-of-the-box.
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Analyze as Much as Possible
In this case, students created new points of view as they realized that there are often
constraints, criteria, contextual factors, etc. that they may, initially, not see. These
students became aware that a large amount of engineering work is spent doing analysis of
research, metrics, and constraints such as cost and available resources.

There is a lot more work and research that goes into product design and
development then I thought. This is meaningful because I hadn't thought of
anything about that.

I thought initially that you could solve any problem by brainstorming and coming
up with an idea. But the video showed that there are a lot more real world factors
like costs and availability of resources that constrain the design.
Be Tenacious
These students became aware of the time and persistence it takes for a complete, robust
design to become viable. Many students seemed to expect that you work through the
problem and get to the solution. From this new point of view, they recognize the time it
takes to get a solution right for the user and that a simple solution does not necessarily
mean that it is quick to develop.

The video really made an impact on me with how long the design process can
take. This idea took years of work to create and implement this challenged me to
not be impatient when working on new ideas.

The persistence of the design team challenged me. I didn't really think about the
amount of time in product iterations it would take to come to a final solution for
such a simple problem/design.
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Transformed Points of View
Of the responses coded as TPOV, four themes emerged from the data: consider end-user,
involve the end-user; consider other stakeholders; and consider broader/holistic contexts
and impacts (see Table 9). Underlying these themes is an understanding that engineers do
not work in isolation. These students were not able to reconcile what they had learned
from the TLAs with the dominant engineering point of view. The result was they
articulated transformed points of view that challenged the ideological assumptions and
habits of mind of the dominant engineering point of view; namely, depoliticization and
technical/social dualism, underlying engineering habits of mind that are technocentric,
positivist, and reductionist, privileging scientific/technical knowledge over other kinds of
knowledge. These themes provide insight into the transformation of students’ points of
view.
Consider the End-user
Many students made meaning of the TLAs by transforming their points of view to be
more open to and accepting of the social nature of engineering. These students realized
the importance of considering the people that are being designed for (i.e., the end-user)
which resulted in a change in their point of view. These two examples illustrate a
transformed point of view that challenges the assumption that non-technical
considerations are irrelevant.

The iterative design of the wheelchair and how the initial design which was
probably very efficient in tests and design in the lab, completely failed in actual
practice when it was tested out in developing countries. It challenged me to think
differently about projects and that it should be tailored to the customers wants and
need and not purely efficiency

I learned that it is important to understand the end users point of view, and to see
both how and why they would use a product I designed. This is meaningful
because this will be important to everything I design in my career.
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You can see in the following example that the transformed point of view challenges the
assumption that engineers know best.

The activity made me feel naïve. I now better understand the importance of
customer feedback as opposed to my perceived idea of their needs.
Involve the End-user
Some students transformed their points of view and became not only more accepting of
considerations for people but more inclusive of people realizing that people (i.e., the enduser) can be involved in the engineering design process.

Currently as an EPICS student and design thinker, I was challenged to get the user
involved as often as I should have. Moving forward I realize how important that is
for a successful product.

I expected the developers to be less involved with the end-user. They worked
closely together to create a well tailored product.

The example below offers a transformed point of view that challenges the assumption
that privileges scientific knowledge over other kinds of knowledge.

I learned that often assumed customer desires cannot always be quantified by
data. The best way to learn what a customer needs is to work with him.
Consider Other Stakeholders
These students transformed their points of view in response to becoming more aware of a
larger social system in which engineering is embedded. These students realized that
customers/end-users are only part of that larger social system. These transformed points
of view include considerations for service providers, manufacturers, suppliers, and the
people engineers work with, people with different backgrounds and from other
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disciplines. The examples below further challenge the assumptions that non-technical
considerations are irrelevant and that engineers know best.

I thought the inclusion of manufacturer feedback & making the device locally
serviceable were tremendous decisions in the overall scheme of this device as
they were trying to make sure the people using this product were as independent
as possible

In class it was mentioned how much we need to broaden our ways of thinking to
work with many different types of people. It was an important for me to
understand that I won't just be working with other engineers. I need to understand
the views and strengths of people other disciplines.
Consider Broader/Holistic Contexts and Impacts
These students transformed their points of view in response to becoming more aware of
the wide range of contexts and impacts of engineering can have on individual people,
society, and the whole world (e.g., globalization, climate change). The transformed points
of view became more inclusive of holistic considerations and impacts. The examples
below reveal that students are thinking beyond a technical, product, and process focus to
consider broader contexts and impacts, such as, environmental contexts, societal and
political considerations, and emotional contexts and impacts, respectively. These
transformed points of view challenge the assumptions underlying their understanding of
engineering based on the dominant engineering point of view, such as, engineering is
product focused and non-technical considerations are irrelevant, as well as the
technocentric, positivist, and reductionist engineering habits of mind and their underlying
assumptions of depoliticization, technical/social dualism, and objectivity.

It is much more than just how the product works. You have to think about the
environment the product will be used in and the various requirements with that
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I learned that outside of the usual definition of what a mechanical engineer does,
an M.E. must also design a part or process to satisfy social and political needs.

One thing that I learned from class that is personally meaningful to me is that
engineering is very human centered and emotion-based. This is meaningful
because it is empowering to know that what we, as engineers, affects so many
people in a big way like eliciting happiness, joy, or on the other side of the
spectrum, anger.
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CHAPTER 6: CONCLUSION

In this research, I engaged in collaborative action research to guide and inform my
research design in order to answer following question: What does it look like to engage in
collaborative action research with a mechanical engineering professor to teach HumanCentered Design using transformative learning pedagogies?

Within the context of this study, I used learning processes proposed by Mezirow (1991,
1997) as a lens to help understand how students are learning when transformative
learning pedagogies are used to teach HCD to mechanical engineering students.
Understanding how students are learning with the help of transformative learning
pedagogies helps us learn what it looks like to engage in collaborative action research to
teach HCD using transformative learning pedagogies.

Overall, students engaging the TLAs submitted written reflections with relatively few
responses coded EPOV (i.e., 55, see Appendix L) compared to responses coded TPOV
(i.e., 506, see Appendix L). Furthermore, student submissions with at least one response
that reflected the dominant engineering point of view (i.e., coded EPOV) decreased with
each subsequent TLA (see Appendix K). This could suggest that the TLAs had the
intended affect for which they were designed. This may also indicate that the TLAs did
indeed challenge students to be open to new points of view.

As a result of the first TLA, 34% of the students that engaged in the activity wrote at least
one response that mentioned they learned or realized something new that is characteristic
of a more tolerant or accepting understanding of the social nature of engineering. For the
second TLA, over 70% of students mentioned in their reflection assignment that they had
learned or realized something new associated with a more open or tolerant understanding
of the social nature of engineering. For the final TLA, nearly 65% of students mentioned
that they had learned or realized something new associated with a more open or tolerant
understanding of the social nature of engineering. This may indicate that TLAs which
expose students to things that challenge the dominant engineering point of view, can
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promote thinking that places people or considerations related to people at the center of
students’ design processes.

Looking deeper into the data, I conducted a thematic analysis of the coded data and
identified themes within each of the coding scheme categories. The themes provide a
deeper understanding of the way students made meaning of the TLAs. Of the responses
coded EPOV, five themes emerged from the data: stressing process; exalting engineering
knowledge; dismissing non-technical considerations; objectifying; and exalting math and
science. These themes shed light on students’ understandings of engineering based on the
dominant engineering point of view embedded technocentric, positivist, and reductionist
habits of mind (see Riley, 2008), ideologies of objectivity, depoliticization, and
technical/social dualism (see Cech, 2014) and reinforced by an engineering curriculum
that is primarily focused on mathematics, science, and engineering sciences (see
Sheppard et al., 2009).

Of the responses coded as NPOV, six themes emerged from the data: embrace simplicity;
iteration and failure are necessary; opportunities to innovate can be found where you least
expect it; analyze as much as possible; and be tenacious. These students maintained the
dominant engineering point of view by creating new points of view that are
commensurable with the technocentric, positivist, and reductionist habits of mind (see
Riley, 2008) and ideological assumptions of objectivity, depoliticization, and
technical/social dualism (see Cech, 2014). These themes also provide insight into what
provoked students to create these new points of view.

Of the responses coded as TPOV, four themes emerged from the data: consider the enduser, involve the end-user; consider other stakeholders; and consider broader/holistic
contexts and impacts. These students were not able to reconcile what they had learned
from the TLAs with the dominant engineering point of view. The result was transformed
points of view that challenge the ideological assumptions and habits of mind of the
dominant engineering point of view, namely, depoliticization and technical/social
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dualism, underlying engineering habits of mind that are technocentric, positivist, and
reductionist, privileging scientific/technical knowledge over other kinds of knowledge.
Specific Contribution of This Study
To humanize engineering education, I conceptualized a two-fold teaching/learning
approach that seeks to: 1) situate engineering and engineering education in a humanistic
context (e.g., human-centered design) in order to reconcile the social and technical nature
inherent in engineering and 2) promote student growth and development along multiple
dimensions including self-actualization and critical consciousness using transformative
learning pedagogies. This research provides a framework (see Figure 8), based on
transformative learning processes proposed by Mezirow (1991, 1997), for educators,
departments, and researcher-practitioners wanting to implement and evaluate
transformative learning pedagogies in their courses or considering how to humanize
engineering education.

process
Exalting engineerin g knowledge

Embrace simplicity

Consider the end-user

Iteration and fai lure are w1avo idable

Dismissing non-technical
considerations
Objectify ing

Opportunities for innovation can be

Exalting math and science

Be tenacious

found where you least expect it

Involve the end-u er

T nsformed

Consider other stakeholders

Po. ts of view

Analyze as much as possible

Consider broader/holistic
contexts and impacts

Figure 8: Socio-technical spectrum
Before continuing I would like to clarify that the framework is not making value
judgments regarding the learning processes identified by Mezirow (1991, 1997); each
learning process serves a particular purpose and each is necessary for leaning. The
framework situates the learning processes on a spectrum with one side representing the
dominant, technocentric engineering point of view and the other side representing points
of view based on an understanding of engineering that is more accepting of the social
nature of engineering. Educators that teach courses within traditional, engineering core
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curriculum which emphasize the development of technical knowledge and skills can
expand the learning objectives by looking at ways students have transformed their points
of view moving toward the right side of the framework. Likewise, educators that teach
more open-ended courses can expand the learning objectives by looking at ways students
have grounded their points of view moving toward the left side of the framework. Again,
this is a spectrum so attempts develop various understanding do not have to be ‘all or
nothing’. For example, a simple first step for courses within traditional, engineering core
curriculum could be to have students consider possible consequences of an incorrect
answer on to one of their problem sets. Students would not need to consider the
consequences for every problem nor would they have to do it for every problem set;
however, with a little creativity, opportunities can be found and embedded within the
existing curriculum.

Furthermore, this framework situates learning within the points of view students use to
make meaning of their experiences and guide future actions. Since the framework situates
learning within students’ own points of view and habits of mind, students are empowered
to take responsibility for their learning and to transform their frames of reference
according to their own volition and in alignment with their own experiences.

This research contributes to a growing body of literature by researchers and practitioners
committed to social justice and peace to conduct research and engage in action that
challenges the status quo in engineering and engineering education and provide a basis
for change to make engineering a more socially just profession in service to humanity.
These researcher-practitioners have attempted to transform engineering curriculum by
developing new multidisciplinary courses related to topics such as social justice (see
Kabo & Baillie, 2009) and sustainable community development (see Lucena et al., 2010),
while others have attempted to transform existing curriculum by integrating more
democratic and inclusive teaching practices (i.e., Pedagogies of liberation) into
traditional, technical engineering courses such as thermodynamics (see Riley, 2003). This
particular research adds to this literature by employing an integrated approach that takes
into consideration a specific context (i.e., Human-Centered Design), a theoretical

109
framework (i.e., Transformative/Emancipatory Learning), and a methodology (i.e.,
Action Research) for transforming teaching and learning that can humanize engineering
education.
Implications
The exploration of how students made meaning of TLAs used to teach human-centered
design in a mechanical engineering design course has important implications for
humanizing engineering education and transformative learning as a viable theoretical
framework for promoting and assessing student learning in engineering education. First,
the use of transformative learning pedagogies provides a practical way for engineering
educators to promote student growth in multiple dimensions (e.g., emotional, character,
and social-awareness). Introducing engineering educators to simple teaching strategies
informed by transformative learning, which also align with active learning activities (e.g.,
class activities, discussions, written reflections), can be incorporated into the courses they
teach extending and enriching the educational purposes of engineering education
resulting in a more humanistic engineering education. Second, the use of transformative
learning pedagogies to teach human-centered design challenges students in ways that
cause them to transform their points of view based on an understanding that is more
tolerant and accepting of the social nature of engineering. The result is students are more
inclusive, open, and emotionally able to change and, therefore, more able to reconcile the
social and technical nature inherent in engineering and engineering education. Third, the
coding scheme that I developed based on the learning processes proposed by Mezirow
provides a model for: 1) evaluating how students learn, particularly in design classes; and
2) promoting learning that fosters new or transformed points of view that help students to
progress along the spectrum from beginning designers to informed designers.
Limitations
First, this research was conducted during a single semester so there was not enough time
for the professor to iterate the next steps of addressing challenges associated with the
course that emerged while engaging in this collaborative action research study. Extending
the study would have allowed opportunities to observe how the professor addresses the
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challenges that were brought to light during this first iteration of the collaborative action
research cycle as well as identify any other challenges that may emerge.

Second, I found no evidence in the written reflection assignments which indicated that
students engaged in critical reflection of their habits of mind or developed critical
consciousness of their underlying assumptions as a result of the TLAs. Furthermore,
although there was evidence of surprise and doubt in the written responses, there was no
evidence of students experiencing a disorienting dilemma as defined by Mezirow (1978),
“…dilemmas which cannot be resolved by simply acquiring more information, enhancing
problem solving skills or adding to one’s competencies” (p. 108). In this case I was
looking for evidence of students becoming critically aware of how and why their
assumptions and habits of mind have come to constrain their perceptions of the social
nature of engineering and changing those structures. As a result, this research yielded no
evidence which suggests that the TLAs influenced a perspective transformation for any
students in relation to the socio-technical nature of engineering. Perspective
transformations are the goal of transformative learning and are “more predictably”
precipitated by disorienting dilemmas, often in the form of traumatic experiences (e.g.,
death of a loved one, difficult ‘break-up’, immigration); however, distorting dilemmas
may also be evoked by “an eye-opening discussion, book, poem, or painting or by one’s
efforts to understand a different culture that challenges one’s presuppositions” (Mezirow,
1990, p. 14).

There are three possible explanations for this phenomenon, or lack thereof. First, the
professor and I carefully designed TLAs considering the ethical responsibility associated
with implementing transformative pedagogies (King, 1998, 2008; Mezirow, 1978)
because, as Mezirow (1978) warns:
…the egregious error of adult educators is to define our function solely as one of
fostering behavior change and to act as though we believe our principal tasks are
to do needs assessment surveys, to communicate ideas and to design exercises to
develop specific knowledge, skills or attitudes for prescribed behavior change.
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Not only does this effort often become indoctrination to engineer consent, but it
frequently addresses the wrong reality to begin with. (Mezirow, 1978, p. 107).

In an attempt to mitigate this, we were intentional about using transformative pedagogies
only to foster a context where transformative learning can take place rather than forcing
students to engage in critical reflection without any choice in the matter. In this sense, the
TLAs only focused on challenging students’ points of view. Accordingly, I did not
anticipate that a single TLA would yield a perspective transformation. In fact, the
deductive coding scheme intentionally excludes the fourth learning process proposed by
Mezirow (1991, 1997), learning by transforming one’s habits of mind. However, I was
hoping the TLAs would have challenged students thinking more in ways that resembled a
disorienting dilemma than they appeared to do.

The second possible explanation is the relatively short time frame (i.e., one semester) of
the research. Empirical research has shown that not everyone experiences perspective
transformation (King, 1998, 2000, 2004, 2008). One of King’s (2004) research
collaborators described it well, “…it doesn’t happen in every class, it doesn’t happen
with every student” (p. 163). Research does offer some insight as to why some
experience perspective transformation and other do not. In her work with English as a
Second Language (ESL) learners, King (2000) found that the longer students were
enrolled in ESL classes the more likely they were to have experienced perspective
transformation. King’s (2000) findings support findings form an earlier study and support
the expectations that, “(a) it takes time for the various contributors to work towards a
perspective transformation and (b) it seems to take time for adults to realize they have
experienced a perspective transformation” (p. 84).

The third possible explanation is that critical reflection may be a threshold for
engineering students. The lack of evidence that students engaged in critical reflection
may be an indication that students are unfamiliar, uncomfortable, or unwilling to engage
in such reflection. Additional scaffolding may be needed to help them engage in critical
reflection.

112
Future Research
In the previous section I offered possible explanations for the limitations associated with
this research. Based on those recommendations, there are multiple opportunities for
future research that can build on the findings of this research. One opportunity, in light of
the relatively short time frame of this research, would be to conduct a similar study but,
rather than looking only at how students’ points of view were transformed, the new study
could explore whether students’ behaviors were transformed vis-à-vis their transformed
points of view. This could be achieved by focusing research efforts on fewer students,
perhaps those enrolled a single lab section, which would allow gathering richer data
about how students engaged in their design projects.

Second, the fact that there was a lack of evidence to support that students engaged in
critical reflection of their habits of mind or developed critical consciousness of their
underlying assumptions may be an indication that students are unfamiliar, uncomfortable,
or unwilling to engage in such reflection. This creates an opportunity to explore students’
ability to engage in critical reflection as a possible “threshold” (see Kabo & Baillie, 2009;
Meyer & Land, 2003) in engineering education. Meyer & Land (2003) describe a
threshold as:
…akin to a portal, opening up a new and previously inaccessible way of thinking
about something. It represents a transformed way of understanding, or
interpreting, or viewing something without which the learner cannot progress. As
a consequence of comprehending a threshold concept there may thus be a
transformed internal view of subject matter, subject landscape, or even world
view. (p. 1)

Thresholds can manifest in concepts as well as ways of thinking and practicing (Kabo &
Baillie, 2009). The lack of evidence to support that students engaged in critical reflection
may be an indication that critical reflection, as a threshold, is a way of thinking and
practicing that is troublesome for some students leaving them unable to critically assess
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epistemic, sociocultural, and psychic distortions acquired through uncritical acceptance
of another’s values—a central characteristic of perspective transformation.
Moving Forward
It seems appropriate that students’ inchoate understandings of engineering would be
based on the dominant point of view of engineering. After all, that is what engineers do.
However, that is not all that they do. As students mature, so should their understanding of
engineering. Helping students to reconcile the social and technical nature of
engineering—although not prerequisite for the technical knowledge and skills
engineering students will be required to master—is critical for students to develop a fuller
and richer understanding of what engineering is and what engineers do. To do so will
prepare students to be well-rounded people and well-rounded professionals, as engineers
or any other profession they choose. In addition, it extends and enriches the purpose of
engineering education. I believe the results of this study provide evidence that this can be
accomplished. The results from this study demonstrate that students can and do reconcile
the social and technical nature of engineering when given an opportunity when applied
within a design course context. Further, I offer up a framework to understand the
transitioning points of view students may express. I urge the engineering education
community to heed the call to emphasize a broad and well-rounded education that
inspires and enables a creative and productive life (National Academy of Engineering,
2004) necessary to understand the impact of engineering solutions in a global and societal
context and continue the work to develop broadly educated, global citizens, ethical in all
their dealings, able to lead businesses, public service, as well as research and design, and
inclusive of all parts of society. We would be remiss to neglect such an integral part of
our students’ personal and professional engineering formation, and it can be done without
compromising their education.
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APPENDIX A. QUESTIONNAIRE #1

How is the course today different from the course when it was first introduced?
What are some of the noticeable changes made to the course since it was created? What
is/was the rationale for the changes?
What is the purpose of the course today? How is it different from the purpose of the
course when it was created? How is it the same?
What are the main learning objectives of the course? Why?
How is the course structured? Why is it structured that way?
What is the role of the instructor/LC/TA? What is the rationale?
What is expected of the students? What is the rationale?
What are some recurring administrative challenges associated with organizing the
course? With teaching the course? With improving the course?
What are some recurring logistical challenges associated with organizing the course?
With teaching the course? With improving the course?
What are some recurring practical challenges associated with organizing the course?
With teaching the course? With improving the course?
What are some recurring social challenges associated with organizing the course? With
teaching the course? With improving the course?
What are some things you would change about the course? Why?
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APPENDIX B. INTERVIEW #1 PROTOCOL

Perspective transformation:
Follow up questions based on questionnaire responses.
You mentioned that you removed archaic manufacturing videos because it would
be better if the students could do it themselves. How are students doing it
themselves?

You mentioned that students are required to make prototypes which adds more
meaning to the design experience, how are you defining meaning? How does
making a prototype add meaning to the experience?

How is the purpose of the course operationalized? For example, you mentioned
that the purpose of the course is to introduce students to a design process that they
can use in senior design and to help them gain an appreciation for the upper level
courses that they will learn later, what does that look like? How do you check to
see that it is happening?

You mentioned that one of the goals of the course is to produce a foundation for
the rest of the ME curriculum.” Can you explain what you mean by that? Why do
you think it is important?

What do you think should be the main take-aways of the course? Why?
What do you think students actually take-away from the course?
What do you think students will still remember 5 years from now?
What would you want them to remember? Why?

In practice, how are the lecture sessions/lab sessions used? Why do you think that
is?
Do you think it is beneficial? To whom? What is the educational benefit?
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In practice, what is the primary role of the instructor/LC/TA?

You mentioned coordinating (e.g., guest speakers, judges, springer lecture) as a
recurring administrative challenge associated with supervising (organizing). What
makes it such a challenge? Why do you think that is? How does it impact your
teaching?
What is the purpose for having guest speakers? Judges? Springer lecture?
Why do you think it is beneficial? What is the educational benefit?
How do these align with the course purpose and goals?
You mentioned “hammer week” as a recurring logistical challenge associated
with organizing the course. What is the purpose for having this as part of the
course?
Why do you think it is beneficial? What is the educational benefit?
How do these align with the course purpose and goals?

You mentioned the amount of (brain) energy expended for this course as a
recurring practical challenge especially for pre-tenure faculty, can you elaborate
on that? (how are you defining practical?) Why do you think that is?
What do you think could address this issue?
What is something that you have wanted to do but haven’t or just can’t
because it’s not practical?
You mentioned “teaching the course with an instructor that works in industry” as
a recurring social challenge associated with teaching the course. Why do you
think that is a social challenge?

You mentioned that you would like to remove exams from the course so that the
students “could just focus on design”, what is the purpose of the exams? How do
the exams align with the course purpose and goals? What is the educational
benefit?
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Are there any cultural challenges that you face? (e.g., mindset, race, gender)

TEL implementation:
What are your objectives for conducting this research?

What are your objectives for implementing TEL activities?
You titled the research, “transformative approaches to teaching user centered
design.” How are you defining “transformative”?
How does that relate to your objectives for this research? for
implementing TEL activities?

How would you like to improve your teaching?

What would you like to better understand about your own teaching?

What types of measurements are important to you?
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APPENDIX C. INTERVIEW #2 PROTOCOL

Perspective transformation:

Thinking back over this experience:
a. Did you have an experience that caused me to question the way I normally act.
b. Did you have an experience that caused me question my ideas about social roles.
(e.g., how professors should act, how professors should think, what professors should
do.)
c. Did you question your ideas and realize you no longer agreed with your previous
beliefs or role expectations.
d. Or did you question your ideas and realize you still agreed with your beliefs or role
expectations.
e. Did you realize other people also questioned their beliefs.
f. Did you think about acting in a different way from your usual beliefs and roles.
g. Did you feel uncomfortable with traditional social expectations.
h. Did you try out new roles so that you would become more comfortable or confident
in them.
i. Did you try to figure out a way to adopt these new ways of acting.
j. Did you gather the information you needed to adopt these new ways of acting.
k. Did you begin to think about the reactions and feedback from your new behavior.
l. Did you take action and adopted these new ways of acting.
m. Do you not identify with any of the statements above.

Thinking back over this experience, have you experienced a time when you realized that
your values, beliefs or expectations had changed?
Can you describe that experience?
Do you know what triggered it?
What influenced the change? (a person, an experience, life change, etc.)
What could have been done differently to facilitate the change?
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When did you realize this change happened? (while it was happening, midchange, after)
What made you aware that the change had happened?
What did you (will you) do about it?
How did/do you feel about the change?

Would you characterize yourself as one who usually thinks back over previous
decisions or past behavior?

Would you say that you frequently reflect upon the meaning of your teaching for
yourself, personally?

TEL implementation:

What do you think was successful? Why?

What do you think was not so successful? Why?

Did you anticipate certain issues/challenges/obstacles/tensions/struggles (personal,
administrative, logistical, etc.)? Did you encounter any? Were there any that you did not
encounter?
How did they affect the implementation of the TEL activities?
How did you overcome them?

Did you encounter any unexpected issues/challenges/obstacles/tensions/struggles
(personal, administrative, logistical, etc.)?
How did they affect the implementation of the TEL activities?
How did you overcome them?

Of all the issues/challenges/obstacles/tensions/struggles you faced, which was the most
difficult? Why? How did you overcome it?
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What would you have done differently? What will you do differently in the future?
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APPENDIX D. STUDENT REFLECTION PROMPTS V1

1. Identify and describe at least one thing that you learned from the activity that is
personally meaningful to you and explain why it is meaningful.
2. Choose one:
a. Identify at least one thing from the activity that challenged your behavior and/or
thinking, values, beliefs, opinions, or expectations (e.g., was it something you
read, hearing another person’s perspective, reflecting about the experience) and
describe how it challenged you.
b. Identify at least one thing from the activity that you disagree with or found
irrelevant (e.g., something you read, something a classmate said, something the
instructor said) and explain why you disagree with it or found it irrelevant.
3. Describe how the activity made you feel and try to explain why it made you feel that
way.
4. Identify at least one thing you would change about the activity; describe how you
would change it and explain why you would change it.
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APPENDIX E. STUDENT REFLECTION PROMPTS V2

1. Identify and describe at least one thing that you learned from the activity that is
personally meaningful to you and explain why it is meaningful.
2. Choose one:
a. Identify at least one thing from the activity that challenged your behavior and/or
thinking, values, beliefs, opinions, or expectations (e.g., was it something you
read, hearing another person’s perspective, reflecting about the experience) and
describe how it challenged you.
b. Identify at least one thing from the activity that inspires new thinking (e.g.,
something you read, something a classmate said, something the instructor said)
and explain why it inspires you.
3. Identify one emotion that was triggered during class and describe how this feeling
may affect your decision making process in a design context.
4. Identify at least one thing you would change about the activity; describe how you
would change it and explain why you would change it.
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APPENDIX F. TABLE 1

Table 1: Learning processes proposed by Mezirow
Learning process
Example
Learning through existing points Seeking further evidence to support one’s initial
of view
bias regarding the technical aspects of engineering
and expanding the range or intensity of this point of
view
Learning new points of view

Creating new meaning schemes by focusing on the
dominant technical aspects of engineering, as
shaped by one’s technocentric, positivist, or
reductionist habits of mind

Learning through transforming
points of view

A change in point of view toward the social aspects
of engineering and, as a result, becoming more
tolerant or accepting of the social aspects of
engineering. This may involve critically reflecting
on one’s misconceptions about the social aspects of
engineering.

Learning through transforming
habits of mind

Becoming aware and critically reflective of one’s
generalized bias in the way she views the technical
and social aspects of engineering
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APPENDIX G. TABLE 2

Table 2: Deductive coding scheme
Code
Evidence
EPOV (Engineering Point Of
Students’ responses reflect the dominant engineering
View)
point of view embedded in technocentric, positivist,
or reductionist habits of mind
NPOV (New Point Of View)

Students mention they learn something new that is
commensurable with the technocentric, positivist, or
reductionist habits of mind of the dominant
engineering point of view resulting in a new point of
view

TPOV (Transformed Point Of
View)

Students mention that they learn something new that
is based on a more tolerant or accepting
understanding of the social nature of engineering
which challenges technocentric, positivist, or
reductionist habits of mind of the dominant
engineering point of view resulting in a transformed
point of view
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APPENDIX H. TABLE 3

Table 3: Coding results of students’ reflections for Leveraged Freedom Chair (TLA 1)
Criteria
Students
Student’s submission has at least one response that reflected the dominant
21
engineering point of view embedded in technocentric, positivist, or
reductionist habits of mind (EPOV)
Student’s submission has at least one response that mentioned they
learned something new that is commensurable with the technocentric,
positivist, or reductionist habits of mind of the dominant engineering
point of view resulting in a new point of view (NPOV)

76

Student’s submission has at least one response that mentioned they
learned something new that is based on a more tolerant or accepting
understanding of the social nature of engineering which challenges
technocentric, positivist, or reductionist habits of mind of the dominant
engineering point of view resulting in a transformed point of view
(TPOV)
Student’s submission has at least one response that reflected the dominant
engineering point of view embedded in technocentric, positivist, or
reductionist habits of mind and at least one response that mentioned they
learned something new that is commensurable with the technocentric,
positivist, or reductionist habits of mind of the dominant engineering
point of view resulting in a new point of view (EPOV & NPOV)

103

Student’s submission has at least one response that reflected the dominant
engineering point of view embedded in technocentric, positivist, or
reductionist habits of mind and at least one response that mentioned they
learned something new that is based on a more tolerant or accepting
understanding of the social nature of engineering which challenges
technocentric, positivist, or reductionist habits of mind of the dominant
engineering point of view resulting in a transformed point of view (EPOV
& TPOV)

7

Student’s submission has at least one response that mentioned they
learned something new that is commensurable with the technocentric,
positivist, or reductionist habits of mind of the dominant engineering
point of view resulting in a new point of view and at least one response
that mentioned they learned something new that is based on a more
tolerant or accepting understanding of the social nature of engineering
which challenges technocentric, positivist, or reductionist habits of mind
of the dominant engineering point of view resulting in a transformed point
of view (NPOV & TPOV)

49

Student’s submission has no responses that received a code

40

7
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303
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APPENDIX I. TABLE 4

Table 4: Coding results of students’ reflections for Firefly phototherapy device and
Jaipur Foot (TLA 2)
Criteria
Students
Student’s submission has at least one response that was coded EPOV
12
Student’s submission has at least one response that was coded NPOV

13

Student’s submission has at least one response that was coded TPOV

214

Student’s submission has at least one response that was coded EPOV and
at least one response that was coded NPOV

0

Student’s submission has at least one response that was coded EPOV and
at least one response that was coded TPOV

6

Student’s submission has at least one response that was coded NPOV and
at least one response that was coded TPOV

4

Student’s submission has no responses that received a code

51
300
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APPENDIX J. TABLE 5

Table 5: Coding results of students’ reflections for Roundabout Play Pump (TLA 3)
Criteria
Students
Student’s submission has at least one response that was coded EPOV
2
Student’s submission has at least one response that was coded NPOV

10

Student’s submission has at least one response that was coded TPOV

122

Student’s submission has at least one response that was coded EPOV and
at least one response that was coded NPOV

0

Student’s submission has at least one response that was coded EPOV and
at least one response that was coded TPOV

0

Student’s submission has at least one response that was coded NPOV and
at least one response that was coded TPOV

1

Student’s submission has no responses that received a code

53
188
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APPENDIX K. TABLE 6

Table 6: Percentages of each code across all TLAs
Criteria
TLA 1
TLA 2
(%)
(%)
Student’s submission has at least one response
6.9
4.0
that was coded EPOV

TLA 3
(%)
1.1

Student’s submission has at least one response
that was coded NPOV

25.1

4.3

5.3

Student’s submission has at least one response
that was coded TPOV

34.0

71.3

64.9

Student’s submission has at least one response
that was coded EPOV and at least one
response that was coded NPOV

2.3

0.0

0.0

Student’s submission has at least one response
that was coded EPOV and at least one
response that was coded TPOV

2.3

2.0

0.0

Student’s submission has at least one response
that was coded NPOV and at least one
response that was coded TPOV

16.2

1.3

0.5

Student’s submission has no responses that
received a code

13.2

17.0

28.2
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APPENDIX L. TABLE 7

Table 7: Aggregated counts for deductive codes
Code
Evidence
EPOV (The
Student’s submission has at least one response that
Engineering Point
reflected the dominant engineering point of view
Of View)
embedded in technocentric, positivist, or
reductionist habits of mind

Total
55

NPOV (New Point
Of View)

Student’s submission has at least one response that
mentioned they learned something new that is
commensurable with the technocentric, positivist,
or reductionist habits of mind of the dominant
engineering point of view resulting in a new point
of view

156

TPOV
(Transformed Point
Of View)

Student’s submission has at least one response that
mentioned they learned something new that is
based on a more tolerant or accepting
understanding of the social nature of engineering
which challenges technocentric, positivist, or
reductionist habits of mind of the dominant
engineering point of view resulting in a
transformed point of view

506
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APPENDIX M. TABLE 8

Table 8: Overview of all themes by learning category
Maintaining an
Creating a
Transforming
Existing Point of View
New Point of View
Points of View
(EPOV)
(NPOV)
(TPOV)
•

The process is
paramount
• Engineers know best
• Non-technical
considerations are
irrelevant
• Engineering is
product focused
• Engineers are good
at math and science

•
•
•

•
•

Keep the product/
design simple
Expect to iterate the
process
Look for
opportunities for
innovation
There is always
more to analyze
Just keep going

•
•
•
•

Consider the enduser
Involve the end-user
Consider
stakeholders
Consider
broader/holistic
contexts and impacts
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APPENDIX N. FIGURE 1
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Figure 1: Elements of Compassionate Design (Seshadri et. al., 2014)
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APPENDIX O. FIGURE 2

design

•

User-centered design

1980s

Today

Figure 2: Evolution of human-centered design
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APPENDIX P. FIGURE 3
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Figure 3: TL Phases of transformation
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APPENDIX Q. FIGURE 4
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APPENDIX R. FIGURE 5
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APPENDIX S. FIGURE 6

.,. ,,.

---------~Collecting data
-- --- --- - --

,,.
(

'I

I

I

-- ----I

,,.,, ,,.

...

Implementing
TEL activities

(

''

'

'I

,,. ,,

--------------\

\

(

,.

'

...

Modifying
TEL activities

..... _

-------

'\
,

_.-c. .,,.

....

erpreting data
wing conclusio

Figure 6: Constructive analysis of data (Adapted from Altrichter et al., 2008)
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APPENDIX T. FIGURE 7
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Figure 7: Initial lecture schedule
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APPENDIX U. FIGURE 8
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